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Personal Biologic Examinations: 
The Condition of Adequate Medical and Scientific Conduct of Life 


Tue ranchman has his annual round-up; the mer- 
chant his yearly account of stock and balancing of 
books ; the machinist gives his engine a thorough going- 
over at regular intervals; every military organization 
has its reviews and inspections, every government its 
budgets—indeed, every financial hair of the commercial 
head is noted, and not a sparrow of the hunter, Suc- 
cess, falls to the ground unnumbered; those that do 
not fall are even more accurately numbered. But it is 
not so concerning the one piece of mechanism that con- 
ditions all these things, and that is the most valuable 
of all earthly possessions—the human body. For all 
practical consideration a man’s body is his life, and yet 
civilization has come so far without any systematiza- 
tion of the business and mechanics of the entire single 
and personal life. The science of bodily living in its 
complete extent still awaits its discoverer. Numberless 
philosophers treating of the conduct of life have soared 
in superficial inexactness and easy generality over the 
heads and hungers of the individual liver, but they 
have utterly failed to formulate the physiologic and 
pathologic conditions of success and failure. All the 
biologic and medical special sciences have struggled to- 
ward an unreached unity; all are simple rays, as it 
were, awaiting the lens of a focalizing intelligence to 
illumine the concrete image of our total physical ap- 
pearance here. War has devised a rough and crude 
system of physical examinations for the would-be sol- 
dier; insurance companies have more accurately ex- 
amined the bodies and life-prospects of their policy- 
holders to estimate their financial risks; through the 
Bertillon system, criminology has still more perfectly 
fixed the anatomic measuring of the bodies of the law- 
breakers ; the Amherst and Harvard examinations have 
looked into the muscular functions of a few students 
for four years of their lives; the psychophysic labora- 
tory has measured a few neurologic reactions; the 
medical practitioner has found out a few ways of 
reaching backward to the etiology of some single dis- 
eases; a few hundred school children have been sub- 
jected to some tests as to growth and the influence 
upon organization of poverty and wealth. But all these, 
I believe, are sporadic and ineffectual hints of a coming 
science of man, based upon a thorough-going and repe- 
titive system of physiologic and pathologic examinations 
which will ultimately give us a genuine and all-compris- 
ing science of anthropology based upon all the data, 
morphologic, physiologic, and pathogenic, of the entire 
individual life. Prophecy and prognosis are based upon 
a thorough knowledge of the past and present fact, a 
rigid understanding in a scientific sense of the evolu- 
tion of the organism and of its present departures from 
_a normal standard. For his children a foresighted man 
must wish such an accounting, such a prophecy and prog- 
nosis; and ‘as to himself every intelligent adult, when 
he awakens to scientific consciousness, must try to look 
forward through the years, and reckon up his powers 
and possibilities of life. This most important function 
of prevision has heretofore been left to the gypsies, the 
palmists, the astrologists, and the clairvoyants! Is it 
a wise way for science to leave the individual struggler, 
unconscious and ignorant of his own body and its fate- 
ful laws, incapable of learning the scattered and un- 
unified half-sciences blindly converging to some far-off 
unity of mutual helpfulness and life? The crowning 
work of scientists is to turn science into prescience. 
The unification of the sciences dealing with the con- 
duct of life; the making practical and useful our knowl- 
edge of the individual organism ; and lastly to establish 
a scientific prescience—such are the ideals of a living 
anthropology. 

Is it not at once plain that these ideals can be realized 
only by a system of periodic examinations and records 
made every year or every five years, throughout the 
life of the individual organism? Such a system of 
records may be held generally to comprise the following 
elements : 

1. The Hereditary Datum.—The endowment at birth, 
the influence of heredity, must in every way govern 
and condition the development of the organism, and 
modify every reaction to environment. It is wise, 
therefore, in all ways possible to fix, at the opening of 
life, what is this datum of inheritance. Nationality, an- 
cestral and genealogic histories, craniology, cerebrology, 
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ete., help to make up the estimate of this one factor. 

2. The Development and Historic Record.—Especially 
during the period of growth—childhood and adolescence 
—should the space between the hnunual or quinquennial 
systematic examinations be historically epitomized. The 
strains, work, illness, and tasks conquered or incom- 
plete, are surely a necessary part of the life-chronicle. 

3. The Morphologic or Anthropometric Examination 
is Fundamental.—In this the Bertillon system, modi- 
fied, perfected, and expanded, or something similar, 
should form the basis of such a system of physical 
measurements, deseriptions, and records, statistic and 
graphic, that any future variation of the organism 
would be detected in later examinations; and thus 
would be preserved the morphologic picture of the indi- 
vidual for the whole life. 

4. The Physiologic Record would include the testing 
and tabulation of all the significant reactions and func- 
tions. These would be made up of all necessary dyna- 
mic tests of the muscular system; of statements of 
accurately observed metabolic and nutritional func- 
tions; the reactions and reflexes of each of the special 
senses, and of those of the neurologic and psychophysic 
systems. The profound influence of habits, both posi- 
tive and negative, innocent or harmful, should also be 
remembered. 

5. The Psychic or Intellectual Datum is one too care- 
lessly ignored in scientific and anthropologic studies. 
The fundamental qualities of character, disposition, 
memory, sentiment, religion, reason, morality, educa- 
tion, etc., are powerful influences acting upon and react- 
ing to the environment and to disease, and if they are 
left out of the count a most valuable determinant of 
scientific prescience is lost. 

6. The Pathologic Element is one heretofore almost 
or utterly ignored in anthropologic studies, and in in- 
structions as to the conduct of life. The profession 
should urge its profound importance. The examina- 
tions at stated periods should in large part consist of 
the records of the findings of expert medical specialists 
secured by all the arts and instruments of diagnosis 
at their command. All departures from health and nor- 
mality that indicate pathologic results or tendencies 
in any organ, or in the organism as a whole, are abso- 
lute conditions of estimate as to present powers or 
prospects. One is almost inclined to think that the 
savings in medicolegal cases, by such a system of ex- 
aminations, would defray the expenses of making them. 
Some time ago a railway company, after several years 
of legal proceedings, was forced to pay a man $10,000 
damages for intracranial hemorrhage said to have been 
caused by a fall from a car. When the man died there 
was found in his brain a bullet which had been received 
25 years previously in the Franco-Prussian war, and 
this had produced all the non-feigned symptoms for 
which the railway had. to pay. eo 

7. The Factor of Heredity closes the circle, with the 
possibility of making more accurate the knowledge of 
the transmission of the individual endowment to the 
child. Successive generations are but the completion 
and extension of a single personality. The family is 
the realization of the incomplete individual. 

Leaving out of consideration the questions of the 
onerousness of the task proposed, and the apparent 
impossibility of carrying out so many observations, one 
may ask as to the feasibility of keeping the records of 
such a series. The answer to this query points to the 
most remarkable plasticity and adaptability of the mod- 
ern plan of record-making by the card system, with its 
ever variable and extensible use of loose leaflets or 
ecards of different colors, numbers, ear-marks, sizes, 
etc. Photography, the kromscop, the phonograph, the 
instruments of the physiologic and psychophysic labora- 
tories, and those of every specialist in medicine, make 
it easily possible to condense the chronicles of all tests 
and examinations in an inexpensive and effective way. 
The post-mortem records, and the preservation of the 
brains, and, perhaps, of the skulls of the subjects, would 
supplement the work. 

As has been intimated,.we already have the begin- 
nings, the sporadic attempts, and detached parts of such 
a system of examinations. The Bertillon criminal rec- 
ords of the police bureaus, the anthropometric data of 
military examinations, the results of athletic and gym- 
nasium tests, those of psychophysic laboratories, the 
medical examinations of school children, and those espe- 
cially of life insurance companies, etc.—all these indi- 
cate the thought, labor and expense which civilization 


is giving to the problem. But the most important 
all contributions might be the case-books, hospital 
ords, and patients’ histories of physicians. Hardly , 
tithe of the precious material, however, is utilized. Th 
waste of biologic data—wasted because not systematizg 
and unified—in the lost records of physicians is appa). 
ling. The most valuable books in the world are the 
oldest city directories, scientific statistic records, ete, 
and more valuable still would in future years be th 
present day case books of scientific physicians, if the 
were well kept and illuminated by statistical and sci, 
tific judgment. We now dump them into the pulp-mill 

Is it a foolish dream, is it an unrealizable ideal, tha 
all these things might be preserved, and rendered ¢ 
use to science and humanity by some institution carria 
on by the Government, by a university, or by a unig 
of scientific and medical men, whereby the records ¢ 
individual lives might be made so frequently, so com 
tinuously, and so scientifically that we should at leag 
gather the inductive data for a genuine science of a» 
thropology, pathology, and ethical biology? If govem 
ments could be prevailed upon to devote to this work 
one tenth the money now squandered in war; if legis 
lators could be prevailed upon to give to it a small pro 
portion of their stealings and political plunderings; if 
a fraction of the money poured into the pockets of 
the ward and city bosses could be got; if a small per 
centage of that spent on comic opera could be shunted 
this way! If these are idle dreamings is it not perfect 
ly possible that in future ages some wise legislator of 
some civilized government may convince his fellows that 
not only is this the duty of the national administration, 
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parts to an organic unity, but little additional expens 


age 


ightest 


would be incurred over that now spent in the separate ch 
systems. Indeed, the scheme itself is only an extended a 
and a perfected bureau of vital statistics. Once suc may 
co-operation were started, the city and State with their j 


criminologic statistics, the insurance companies with 
their accurate vital and pathologic records, and espe 
cially the medical profession with its systematized ree 
ords of individual and social morbidity, and many other 
agencies, would be drawn into co-operation, and the 
bases of a truly inductive and physiologic science of 
civilization would begin to be laid. 

While we wait for that millennial palace of science 
we physicians need not be idle—nay, we may be at 
work in the quarries. Our first duty is to reorganize, 
systematize, and make scientific our case-books and 
recordings of patients’ histories. Let us study this 
great and neglected art so that these most preciow 
fruits of our life work shall not end in the pulp mill 
The lack of literary workmanship in making and keep 
ing our records of disease is altogether deplorable 
What is left to science of the life work of a million 


physicians whose business has been with the most prect Mr sown, 
ous biologic facts of the world? Can we not perfec HI pictu 
some bridge whereby the results of our life labors cal Mefore th 


be carried over the stream of death and become the Bften sce 


property of general biologic and pathologic science? both ¢ 

Surely then, our second duty is to make our scienc Mave rob 
prescient, by means of the repeated examination at fra patie 
stated intervals of those patients whom we can col y, anc 


vince of the necessity and wisdom of such a pre 
ceeding. It is a shame of medicine that in th 
one department of our science which we are mos 
foolishly inclined to look down on with too much super 
ciliousness, its practitioners have outrun us. The dent 
ists have long recognized the need of periodic examin 
tions of the special organ, regardless of symptoms, and 
they have at last driven the knowledge into the mind 
of their patients. Thousands of patients have theif 
teeth periodically examined for beginning needs and 
diseases or to prevent them. If this be wise as reards 
the teeth, how infinitely wiser it would be as rezards 
the kidneys, the eyes, the heart, arteries, etc., and the 
person as a whole. It is the shame of medicine and the 
basis of quackery, this symptom treating and symptom 
killing. What a horrible fact—this of the vogue of the 
pain deadeners! Millions of dollars are capitalized i 
the business, and half or three fourths of the work o 
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wr lives is devoted to the mere stopping or deadening 
wfsymptoms. But, as we all know, true medicine is to 
stop the cause of symptoms, to prevent the symptoms 
from ever arising. For many years in my specialty, I 
pave been begging that biennial ocular examinations 


pould be made, regardless of “no trouble,” regardless 


of “perfect satisfaction.” Absence of symptoms is no 
idence Whatever of absence of disease. No eye should 
ser be left over two years without re-examination. No 
wectacles Can remain correct two years, because no 
ye ever preserves the same refraction, balance, and 
wers, for that period of time. 

And what good also is the enucleated eyeball, or any 
niece of dead tissue, in the hands of the pathologist? 
vertainly only to prevent other living eyes and organs 
rom becoming as these dead ones have. True path- 
yy is surely knowledge of the disease in the making. 


Me pathologist’s final problem is to prevent pathologic 


meus from ever coming into his hands. Qua path- 
pgist he must commit scientific suicide. Most of our 
yshionable pathology is the paleontology, not the bi- 
ogy, of disease; but was it not said of old, that it is 
tter to be a living dog than a dead lion? How is 
jisease in the making ever to be discovered except by 
saminations, continuous observation, of the living 
spposably-well organism? 
Is it not even true of living disease that one half the 
tients seen by the doctor are seen far too late? 
or paresis, locomotor ataxia, etc., and for many psychic 
jiseases we do nothing, because we recognize their 
istence so late that nothing can be done. Had they 
wen seen earlier injury could have been prevented. 
urely in more than 25 per cent of my patients many 
vars or whole lifetimes of suffering and disease could 
ave been obviated. It is doubtless true in general 
dicine. All good medicine inevitably tends to become 
eventive medicine; all good physicians labor to stop 
isease before it arrives. The whole ingenuity of the 
mined diagnostician is now expended on the problem 
the earlier symptom. He is the greatest discoverer 
ho finds the presymptom, or the symptom of the symp- 
m; the greatest therapeutist is he who cures before 
he disease exists, he who starves the bacillus to death, 
who stops the evil habit, thus preventing the mal- 
mection that becomes organic disease. The best cat is 
he one that kills the rat that eats the malt that lies in 
he house that Jack built. It is a truism that gout 
nists in the patient’s system long before it causes a 
nge of pain; the kidneys are ruined before the 
ightest subjective system is manifest; there may be 
changes indicating the existence of nephritis, 
hich « single uranalysis may not detect; arterioscler- 
is may be present prior to subjective symptoms, and 
he objective examination would detect it; there may 
unsuspected diabetes without symptoms until ex- 
mination of the urine reveals it—even with our crude 
science early uranalysis of the apparently well would 
n reveal the hidden evil at work sapping and min- 
lg toward the vital centers. Every oculist has often 
iscovered albuminuria before the general physician 
uspected it. There are a hundred known intimations 
nd auras of oncoming disease, but there are a thou- 
ad undiscovered ones, presymptoms, advance scouts 
ad forerunners, to be learned when the slight and un- 
ious departures from normality are studied by 
nations of the supposedly well. Pathogenesis, not 
herapeutics, is the ultimate study of all medicine. And 
l pathogenesis is by no means running bugs to their 
les: the greater number of life wasting diseases are 
% bacterial in origin; and even the growth of the 
terial diseases depends on the soil in which they 
re 
I picture to myself a new field of work opening out 
fore the poor plundered general practitioner. It must 
ten seem to him that as a general he has been stripped 
both army and enemy. One by one the specialists 
ve robbed him until he has left hardly a soldier 
a patient. The surgeon first took almost half of his 
y, and now threatens to relieve him of Colonels Ap- 
adicitis and Typhoid, and heaven knows of how many 
officers which he formerly considered his very 
Then the aurist, the oculist, and the rhinologist 
rived him of his special senses, and the laryngologist 
Mdered him aphonic. If the obstetrician and gynecolo- 
Mtleft him one or two of all his women folk, the rest 
it man and the neurologist soon alienated the affec- 
of these hysterics—and they lived unhappily ever 
iter, The pediatrist stole his babies and the psychia- 
t his mind; and, lastly, the gastrologist will not 
him to have all to himself even a simple stomach 


The truth seems to be that of all the specialists the 
Meralist has been squeezed into the narrowest spe- 
pity, and the surgeon is grasping avidly at his one or 
’ remaining comforts. Even the diseases of the 
stomach, and kidneys are now claimed and we 
soon expect to see such advertisements in the re- 


ligious and daily newspapers as: “A new operation 
for neurasthenia ; craniotomy for unselfishness ; preven- 
tive inoculations in case of threatened breach of prom- 
ise; vaccinations for antivivisectionists ; damaged heart- 
valves surgically repaired while you wait; kidneys 
transplanted immediately following the next electro- 
cution ; complete maturation of the attificially fertilized 
ovum in our new twenty-first century incubator.” 

The family physician’s function seems to be fast be- 
coming that of adviser-in-general and referrer-to-others ; 
the “last straw” is that ethics will not permit these 
others to divide their fees with him. Nothing in fact 
is left to him except to have permanent anorexia and 
to move to a climate in which house and clothing are 
not necessary—Porto Rico and the Philippines, for ex- 
ample—providentially supplied, without. doubt, for this 
and similar tariff purposes. 

But seriously, have we not gone too far with our spe- 
cialism, and are we not thereby in danger of losing 
the co-ordinating sense and oversight of the organism 
as a whole? The specialist cannot be dispensed with. 
By his aid and through his accuracy medicine must 
progress ; but neither should the generalist be squeezed 
aside. He is even more necessary. It is his duty to 
teach his under officers, the specialists, their proper 
places, and by his sane and large grasp of all the facts 
supplied by these subalterns, by his co-ordination of 
the work of each and of all with his own overlook of 
organism and life as a whole, he brings cosmos out of 
chaos, and organic unity out of hundred-eyed and sel- 
fish diversity. The specialist is fatally inclined to treat 
the disease; to the generalist must be left the far more 
important treatment of the patient. 

It may seem hard and impertinent to say to an audi- 
ence of generalists that the generalists have been robbed 
because of their own fault and negligence. The so-called 
stealings of the specialists are in reality helpful and 
if rightly understood they leave the generalist his prop- 
er work. Life, it has been said, is made up of little 
things ; and yet life itself is not a little thing. So it is 
with health, fullness of years, and utilization of powers; 
they all depend, medically and physiologically, upon 
little things, and yet compositely they are “the great- 
est thing in the world.” In the vogue of the specialist, 
the generalist is more than ever needed. If the aristo- 
crats have usurped power, there is the chance and de- 
mand for a powerful king. The specialists are, or may 
be made, the assistants of the general physician, who 
needs their help and all the data they can supply, and 
whose supreme function it is to fuse the whole to a 
higher unity and to establish the secret relations in 
reality existing in all. There is no specialist who is 
not willing and glad to make full and systematic re- 
ports to the general physician of all his findings. It is 
his duty to the patient and it is the specialist’s self- 
interest to do it well. He is not so stupid as to offend 
the referrer of patients. In this function the generalist 
has the whip-hand—and he should use it, at times. 

And thus it happens that the desirable system of per- 
sonal biologic tests sketched need not await the action 
of government, the university department, the city or 
State institute, the union of anthropologic societies, or 
the anthropometric and pathologic institution founded 
by private endowment. Let us earnestly pray and 
work for any or all these things; but in the meantime 
much may be done by medical men and societies to pre- 
pare for the larger and more perfect outworking of the 
scheme—nay much may be done toward the realization 
of its more distinctively medical features. 

Based upon the fact actually felt. by every physician, 
that a series of systematized periodic examinations of 
patients apparently well would often reveal beginning 
diseases, prevent future illnesses and increase the vital 
values of life, every one can prevail upon certain pa- 
tients, students or members of his family, to undergo 
the necessary tests. The more intellectual and well-to- 
do citizens will soon realize the self-evident value of 
such work, and not only submit to it for themselves 
and children, but will be willing to pay an annual fee 
for the service. Specialists will be willing to contribute 
their results. The examinations need be only of the 
more fundamental and simple factors at first until the 
good-will, machinery, funds, and recognition of the 
significance and usefulness of the work grow. 

In several ways these examinations themselves are 
the means of a striking self-education of the physician : 

1. In systematizing and perfecting a method of rec- 
ord-keeping there is a subjectively psychologic as well 
as an objectively scientific result of inestimable good. 
It is a sort of liberal education. To adapt and perfect 
the card system to this useful end; to summarize the 
results of all diagnostic methods; to formulate prog- 
noses ; to classify and epitomize so that the whole shall 
look to the personal advantage, as well as toward the 
progress of preventive medicine; and finally, to dove- 
tail the combined result into general biologic science 
and to clarify the laws of heredity; all of this is labor 


worthy of the wisest selfishness and the best intellec- 
tuality. 

2. In rendering accurate and mathematical all the 
known and recognized methods of medical testings, 
there is much to be learned. It is in catching sight of 
the forerunning indication of disease, the symptom of 
the symptom, the functional beginnings of organic ab- 
normalism, that a great deal of progress lies. Who, 
e. g., aS yet, measures the blow or stimulus in taking 
the patellar tendon and other reflexes, with machine- 
shop accuracy, also the resultant excursion or reaction, 
chronicling same in his notes, with absolute or approxi- 
mate precision? 

3. In the excursions into the border land, but still 
closely related, domains of cerebrology, craniology, 
psychophysics, criminology, sociology, public hygiene, 
and all the rest—in learning to make these tests, and 
chronicle the results required in these studies, one 
enlarges the range of his subjects, broadens his personal 
and scientific outlook, in a word annexes with justifi- 
able imperialism and expansion, the adjacent territories 
of his special science. Each gives his light, and, as in 
all beneficence, by giving, each increases his own as well 
as the general illumination. The stars go out but the 
day dawns. 


Cultivation of Living Tissues Outside the Body* 

THE story of the cultivation of tissues outside of the 
living body has already lost much of its novelty. 
Though we can still easily count the time in terms of 
months rather than years, since the first demounstra- 
tion of the development in vitro of isolated fragments 
made up of connective tissue cells, the fact has been 
established so conclusively and the technic developed 
so successfully that the cultivation of tissues in this 
way has already become a familiar practice in many 
laboratories. It is sometimes said that familiarity 
breeds contempt; but it may be wholesome at times to 
renew our acquaintance with the details of well-known 
scientific procedures and learn their present status. 
This is particularly desirable in the case of those per- 
sons who little realize the persistence and energy, the 
patience and forethought, which may of the permanent 
acquisitions of science demand on the part of investi- 
gators. We who share the results all too frequently 
fail to understand the laborious process by which suc- 
cess is attained. In this field the advice once given 
to an ambitious medical student may be reiterated: 
“Success is neither luck nor pull, but the longest, tough- 
est job you ever tackled.” 

Not long ago Carrel’ of the Rockefeller Institute 
for Medical Research called attention to the condition 
of a strain of connective tissue kept outside of the 
organism in a condition of permanent life. It was 
derived originally from a piece of heart extirpated 
from a chick embryo. The fragment pulsated for 104 
days, and gave rise to a large number of connective 
tissue cells which have since multiplied actively. The 
strain, after having undergone 358 passages, reached 
the twenty-ninth month of its life in vitro some time 
ago. It now appears that the proliferating power has 
in no wise diminished. During the third year of inde- 
pendent life of the connective tissue we are confronted 
with the remarkable fact that it shows greater activity 
than at the beginning of that period, and is no longer 
subject to the influence of time. Carrel remarks that 
if we exclude accidents, connective tissue cells, like 
colonies of infusoria, may proliferate indefinitely. 

In this connection it is interesting to note some recent 
results for human tissues reported from the same labor- 
atory. It has been possible, for example, to keep 
human fetal ‘tissue, derived from fresh cadavers, in 
a condition of independent life for several generations.’ 
This has led to the attempt to cultivate human sarcoma- 
tous tissue in the same manner. The first essay in the 
direction of growing human malignant tumor in vitro 
was made in 1911 by Carrel and Burrows.’ The tis- 
sues were kept in a condition of survival for a few days, 
but no real cultures were obtained. Losee and Ebeling* 
have now succeeded in keeping cultures of such tissue 
in a condition of active life in vitro for several genera- 
tions. Their method may, therefore, prove of value in 
the study of the growth of human malignant tumor. 


* From the Journal of the American Medical Association. 


1 Carrel, Alexis: Present Condition of a Strain of Connective 
Tissue Twenty-eight Months Old, Jour. Eaper. Med., 1914, 
xx, 1; see also Jour. Exper. Med., 1912, xv, 516. Ebeling, A.: 
Tbid., 1913, xvii, 273. Carrel, Alexis: Ibid., 1913, xviii, 287. 


2 Losee, J. R., and Ebeling, A. H.; Jour. Ezper. Med., 1914, 
xix, 593. 


*Carrel, Alexis, and Burrows, M. T.: Jour. Exper. Med., 
1911, xiii, 387. 


* Losee, J. R., and Ebeling, A. H.: The Cultivation of Human 
Sarcomatous Tissue in vitro, Jour. Exper. Med., 1914, xx, 140, 
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The full-sized experimental flying-boat with hollow V-shaped hull, at Washington Navy Yard. 


Experiments With Flying Boat Hulls 
By Carl Hawes Butman 
Tue first report of the sub-committee on hydrome- 
chanics in relation to aeronautics just published by the 
Langley Aerodynamical Laboratory of the Smithsonian 
Institution, deals with the results of a series of experi- 
ments with flying boat hulls. The experiments were 
conducted at the Model Basin in the Washington navy 


aeroplane hulls. This model appears to have certain 
advantages over the types now in use, possessing less 
resistance on the surface of the water, and less head 
resistance in the air under similar conditions. 

The model hulls used in the experiment were of the 
ventilated step type, one-ninth actual size, except one 
a quarter-size model of the original “Curtiss” pontoon, 
Plots of the model runs were made by the investigators. 


Bow views of five models. 


yard under the direction of Naval Constructor H. C. 
Richardson, for the purpose of determining the resistance 
of several models at “displacements corresponding to 
speeds,”’ on the water, and the resistances “submerged,” 
as a means of approximating their total head resistances 
in air, and of determining an approximate “coefficient 
of fineness of form.” 

The experiments proved particularly successful. A 
form of improved hull has been derived which will 
probably supersede the present type of naval hydro- 


showing: net resistance, derived effective horse-power, 
and change of level. The resistance curves were de- 
termined by towing the models in the basin at “‘displace- 
ments corresponding to speeds,’’ with a set trim, but free 
to rise or fall under the influence of suction or planing. 
The change of level curves show how the planing effect 
changes the draft at each condition. The models were 
towed under conditions representing a full load of 2,200 
pounds, with the assumption that the get-away occurs 
at a speed of 45 miles per hour. From the curves it is 
obvious that suction is present at low speeds, succeeded 
by a condition in which the model runs hard, followed 
by a period during which the model begins to plane; 
just before planing is effected, the slope of the curve 
lessens rapidly, and when planing is established the 
resistance falls off sharply with one exception. 

A model was designed to obivate the defects of the 
flat seow-how type, by introducing the V type bottom 


Plan views of five models. 


Spray made by a model at 5.5 miles per hour. 


for parting the water rather than forcing it aside, 
earlier model of the V type caused a great amounj ¢ 
spray, and to overcome this the V section was made fy 
but as this only increased the spray, the V sections qq, 
made hollow which brought about the desired regyy. 
holding the spray down, increasing the planing eff 
and reducing the resistance. 

Confirmation of the behavior of the models has by 
fairly well established by the actual performance of fy 
sized machines. Actual experiments with a full gig 
machine show that the improved hollowed V septig 
hull is very desirable on account of the good landing 
qualities. 

From the experiments carried on it has been ; 
termined that the step should be close to the center ¢ 
gravity, to eliminate the nosing tendency, to facility, 
change of trim while planing and to avoid a change, 
balance when getting away or landing; hollow V seetig 
decrease the spray, cut the water easier and cleang 
plane better, and reduce the shock of landing or running 
through rough water, practically eliminating the neg 
sity of shock absorbers. A shallow step seems to } 
sufficient, but ventilation back of the step is esseniij 
to facilitate the breaking of suction effects. The bott 
forward of the step should be inclined to the axis of thy The 
machine but not so greatly as to cause the machine 
plane before the controls are effective. The bottom aby 
the step should rise strongly to favor a steepening of th 
planing bow before the elimination of suction, and to ge 
the tail well clear when planing begins. 

Diagrams were also made to show the logarithni 
plots of the models when submerged one foot and towel 
at speeds up to 15 knots. From these plots it is seq 
that the resistances of the models closely approxima 
the law of the square of the speeds. The head resistancg 


of the full sized machines were calculated by thug Ma’ 
methods, and vary about 20 per cent. Several othemm West, f 
useful values worked out mathematically. are mer 

Plans are under way for further experiments on subg™ the cul 
merged models to determine the stream line flow abou prairie 
the models, as a means of arriving at improvements agg in som: 
form, as well as to calculate the effects of cockpit ope of seve 


ings, sponsons, ete., and to study the torque at dig the for 
ferent angles. Such 
Red Ri 

Wheatstone Bridge for Resistance Thermomein§ yyich ; 
THERE has just been issued by the Bureau of Stant® trees a1 
ards of the Department of Commerce a paper describ When 
ing a Wheatstone bridge designed with especial mJ stream 
erence to flexibility of use in measurements wil remain 
resistance thermometers and discussing the use thered™ obstacl 
The bridge is adapted to use with either the Siemenf few fee 
type or Callendar type of resistance thermometer «f§ with it 
with the potential terminal type of thermometer by the pilot is 
use of the Thomson double bridge method. The instr Whe 
ment is also arranged so that it may be complete they ar 
self-calibrated. oft 
The accuracy attainable with the bridge is such thai where 
resistances of one ohm or more can be measured to # The 
accuracy of one part in 300,000 in terms of the unit if to free 
which the calibration is expressed. This corresponi™™ has rec 
to an accuracy of about 0.001 degree for measuremeni{™ insert | 
with the platinum resistance thermometer. Low resist] pieces. 
ances, the accuracy of measurement of which is limite them « 
by variations in contact resistances, may be measure 
to about three millionths of an ohm. This figure, ratbe 
than the one given above for accuracy, represents th 
precision attainable in measuring small changes of 
sistance, such as are usual in resistance thermometry. 


Side views of five models, 
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A Safeguard to Navigation 
By Day Allen Willey 


using the pieces for fuel for heating the furnaces of 
the boats which pull them out by steam. 

These snag boats were the idea of one of the army 
engineers, and the first was built about 10 years ago for 
Since then the boats 
have been enlarged, equipped with more powerful lifting 
derricks, operated by a steam engine which is indepen- 


One of the latest types of these floating snag pullers 
It draws less than 
4 feet of water, and consequently can be operated on 
shoals and in other shallow spots. Two engines of a 
combined capacity of 600 horse-power furnish motive 
power, giving a speed ranging between 5 miles and 6 
miles an hour upstream against a strong current. 

The double bows are separated by what is termed a 
well which is 12 feet in width, each bow being 65 feet 
inlength. At the forward end what is termed a “‘butting 
beam” extends from bow to bow. This is a heavy steel 
beam 22 feet in length, 7 feet wide, and no less than 16 
inches thick, greatly strengthening the framework of 
As the name implies it is used to ram or butt 
a snag when necessary to dislodge it from the bottom 


Attached to this beam is a sweep chain which drags 
beneath the water and is designed to grip the lower 
portion of the snag and aid in lifting it to the surface. 
This chain is lowered over the bows by a capstan placed 


at one end, and raised in the same manner. Its purpose 


Front decks of snagboat, showing openings in bow permitting snags to be 
lifted to a position where they can be sawed into sections. 


Snag Boats on Flood Rivers 


is principally to lift the upper end of the snag high enough 
to permit the butting beam being pushed under it. 

Upon the bows are the lifting derricks, one being 
utilized to pull out small snags after they have been 
loosened by the sweep chain and butting beam. Those 
on the sides are intended to pull up obstructions which 
can be readily removed by means of block and tackle. 

On the boat the crew includes a diver whose duty it is 
to go under water when necessary to fasten the chain 
around the trunk, or to bore holes in the wood for the 
dynamite cartridge and connect its detonater with the 
wire that extends to the electric keyboard on the boat. 

Another large snag boat is in use on the Mississippi 
and tributary waters which is 187 feet in length, 52 feet 
beam over the hull, and can operate in water 31% feet 
in depth. It is also constructed with a hull of steel and 
iron, and driven by two oscillating engines, steam being 
furnished by five 42-inch boilers giving it a total horse- 
power of about 500. The snagging apparatus consists 
of two pairs of friction capstans placed in the forward 
hold and six capstans installed on the deck. 

The “Suter” carries a butting beam of oak plated with 
iron, also a series of five iron shear legs in addition to 
supporting blocks and tackle, a Sampson chain of 214- 
inch links, and a sweep chain. 

Such is the capacity of these snag pullers for removing 
the obstructions to navigation that by the service of this 
fleet one of the greatest dangers to steamers and barges 
plying on the flood rivers, has been largely abolished. 


death, which occurred generally in the first month of 


seems to } 
is essentig 
The bottoy 
he axis of The snag boat “John Macomb” at work on the Mississippi River, showing 
6 machine j double bow and numerous lifting derricks. 
bottom ab; 
pening of th 
on, and to gel 
e logarithms 
ot and towed 
ots it is sey 
approximat 
ad resistances 
ted by thi Many of the so-called flood rivers in the South and 
Several othaim West, flow through channels where the bottom and sides 
are merely of earth and sand, and when a river is in flood 
rents on subi the current washes out the banks, causing woodland, 
16 flow abou prairie soil, and other formation to be submerged, and, service on the Mississippi river. 
rovements afm in some instances the surface of the land, to the depth 
cockpit opm of several feet is carried down stream by the current in 
rque at dif the form of liquid mud. dent of the one which propels the boat. 
Such rivers as the Mississippi, the Arkansas and the 
Red River run through swamp lands in some locations _ is stationed on the Mississippi river. 
ermomety® which are covered with trees and bushes. In high water 
au of Stari trees are often uprooted and float down with the current. 
aper descriMl When the flood recedes, the trees may be held in the 
especial rt stream channel, the roots sinking into the bottom and 
ements will remaining in such a position that they form dangerous 
> use there obstacles to navigation. Often the upper end is but a 
the Siemesf few feet below the surface, and a vessel moving in line 
rmometer « with it may be pierced through its hull and sunk as the 
meter by the pilot is unaware of the “snag.” 
The instw#} Where these washed-out trees project above the water, 
e completey—™ they are almost as dangerous as the sunken snags, as they 
are often in eddies and cross currents in the channel the boat. 
is such thf where a steamboat may be wrecked against them. 
asured to al The War Department has adopted several methods before pulling it out of the water. 
f the unit 2 to free these navigable rivers of snags. An idea which 
corresponii™ has recently been adopted is to bore holes in the wood, 
easuremeni#™ insert dynamite cartridges, and thus shatter them to 
Low resist pieces. The most effective plan, however, is to pull 
ch is limite them out of the water and saw them up, sometimes 
be measure 
ae Diseases Dangerous at Different Periods of Life 


Mucu has been said of late concerning preventable 
diseases and methods of reducing the annual rate of 
mortality. The first essential of any such schemes is 
acarefully prepared summary of the causes of death 
in a particular country during a specified period, and a 
flatement of the age and sex of those dying within 
fhis term of years. For some twenty years the German 
Empire has published statistical tables of all officially 
fported catises of death. These have always been 
Givided into periods of life and of late years have dis- 
Ghguished sex. They do not, however, cover the entire 
Mpulation, for the participation of the different states 
@ the empire is voluntary; but there has been a grad- 
Ml increase until four years ago 98.85 per cent of the 
habitants of the empire were included in these digests. 
& interesting analysis of the main causes of death at 
@erent periods of life, as shown by these tables, is 
Gide by Dr. C. Rahts in a recent number of the Ger- 
Mn journal Umschau. 

Speaking of infants under one year of age he states 
the in the decade 1892-1902 the deaths among such 
M@ants averaged, during a calendar year, about 20 to 
@ of each 100 born alive, and in the five years 1906- 
Hi0 only 17 to 18 of each 100. Of late years about 
#8,000 children die annually in Germany, 332,000 of 
Sem dying of known causes. For more than one third 
— those dying of known causes within the first year 
fle indicated ailment is chronic gastro-enteritis or 
Golera infantum, that is, the illness arose from un- 
Mitable or defective nourishment. For about one 
‘eventh congenital weakness is the stated cause of 


anges of rt 
rmometry. 


life. Other fatal maladies noticeable for their frequency 
among infants less than a year old were inflammation 
of the lungs, to which 115 of each 1,000 dying suc- 
cumbed, and whooping-cough fram which about 30 of 
each 1,000 deaths arose. Tuberculosis, measles, and 
scarlet fever, taken together, carried off less than 3 
in each 100 deaths of young infants, that is, less than 
whooping-cough alone. 

For the period of childhood from the beginning of 
the second year to the end of the fifteenth year Dr. 
Rahts finds, in his examination of the tables, that the 
annual average of deaths was about 111 to 112 per 1,000 
living; the annual average during the five years 1906- 
1910, from which the figurés are mainly drawn, was 
about 140,000 children, of whom 3,300 died of unknown 
causes. The most important causes of death given for 
this age per 1,000 children who died are: Pneumonia, 
147; other diseases of the respiratory system, 65; 
tuberculosis, 105; diphtheria (including croup), 92; 
searlet fever, 64; measles, 54; whooping, cough, 39; 
diseases of the digestive tract (including appendicitis 
and its consequences), 110; accidents, 45. 

In discussing the statistics just given, Dr. Rahts says: 
“According to this in the period from 1 to 15 years life 
is threatened to a large degree by four widely spread, 
easily conveyed diseases of childhood, diphtheria, 
measles, scarlet fever, and whooping-cough, for these 
four diseases together cause the death of almost the 
fourth part, 22 per cent exactly, of all who succumb in 
this period of life. After these, pneumonia, or some 
other disease of the respiratory system, is designated 


as the cause of death for fully one fifth, 21.2 per cent 
of all who die from known causes, and tuberculosis 
as the cause for fully one tenth. Disease of the diges- 
tive tract, including appendicitis, was a somewhat more 
frequent cause of death than tuberculosis. Lastly, the 
large number of fatal accidents at this age is noticeable, 
for about 1 of every 22 cases was attributed to ‘death 
by accident.’ 

According to these tables, tuberculosis of the lungs 
carried off the greater number of those who died in 
the period between 15 and 30 years of age. During 
the years 1906-1910 the deaths from this disease were 
462 per 1,000 deaths from known causes among women 
and 375 per 1,000 deaths among men. Other forms of 
tuberculosis in addition are given as the cause of 
death for a further 35 per 1,000 deaths. Among those 
from 15 to 30 years old other forms of disease, as com- 
pared with tuberculosis, are much less frequently the 
cause of death. Among every 1,000 males (females) 
who died from known causes at this period of life 
there were: 65 (77) deaths from diseases of the heart 
or of the blood-vessels; 61 (46) from pneumonia; 33 
(37) from other diseases of the respiratory system; 51 
(54) from diseases of the digestive tract, including 
appendicitis. 

In continuing his analysis Dr. Rahts says further: 
“Besides the diseases mentioned, a very frequent cause 
of death in this period of life is an injury, especially 
among males. Of each 1,000 cases of death among 
males no less than 128 resulted from accidents and 67 
from suicide, that is, almost 1 in 5 arose from some 
form of violence. Among females from 15 to 30 years 
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of age accidents which resulted fatally and suicide 
were much less frequent, only about 1 death in 22 or 
23 being caused among females by such violence. In 
place of this, however, puerperal fever is frequently 
mentioned as the cause of death during the youthful 
age of 15 to 30 years, namely for 30 of each 1,000 
females dying.” 

Tuberculosis of the lungs is also, according to these 
tables, the most fatal disease in the period of greatest 
vigor, the age from 30 to 60. Of each 1,000 males who 
died 222 succumbed to this malady, and 207 of each 
1,000 females dying. The next most frequent causes 
of death in this period were diseases of the heart and 
of the blood vessels; 156 of each 1,000 females and 
135 of each 1,000 males who died succumbed to such 
maladies. As in the previous period of life, heart 
troubles seemed to be more often fatal to women than 
men. In this age of 30 to 60 cerebral affections and 
spinal diseases become very noticeable as causes of 
death, for about one tenth of all the men died from 
cerebral apoplexy or of some diseases of the nervous 
system, the proportion of women dying from these dis- 
eases being not quite so large. In this period of life 
also cancer and other malignant tumors were a fre- 
quent cause of death. Such new growths are more 
frequent among women than men, being noted as the 
cause of death for about 3 of every 20 females dying 


and for about 3 of every 33 males. The large number 
of suicides and fatal accidents in the age from 30 to 
60 is likewise very striking, for of all the causes of 
death among males about one twentieth, 4.9 per cent, 
resulted from suicide, and nearly one eighteenth, 6.3 
per cent, from accidents. The percentage for such 
causes among women is somewhat smaller. 

The official statistics show that after the close of 
the sixtieth year of life a frequent cause of death is 
old age. It is given for more than one third, 36.4 per 
cent of all women who died and for more than three 
tenths, 30.4 per cent of all men, There was apparently 
no disease or injury in these cases, but a wearing out of 
the organs of the body. 

“If we leave aside,” continues Dr. Rahts, “those who 
died apparently of old age, that is, take into consider- 
ation after the close of the sixtieth year only those 
who died from a more definitely designated disease or 
injury, we find that nearly one fourth of these died 
from some disease of the circulatory system, that is, 
from a disease of the arteries or heart, and probably 
the cause of death reported for the persons entered 
in this column of the tables has been largely a harden- 
ing of the arteries (arteriosclerosis). Further, fully the 
eighth of those not dying from old age succumbed to 
eancer or to the consequences of some other new 
growth, namely, 13.55 per cent of all such females and 


12.13 per cent of all such males. Outside these ¢y 
eases life at this advanced age is mainly threatened jy 
cerebral apoplexy, pneumonia, or other disease of » 
respiratory system, as asthma or bronchial catgm 
In this period tuberculosis is apparently by far not 

common a cause of death as pneumonia. Suicide, ag 
dent, or influenza are about equal as causes of deg 


“namely for about 1 in every 50 males who died exey 


ing those who died of old age. On the other han 
among elderly females suicide or fatal cases of agg 
dent causing death were noticeably less frequent th 
influenza.” 

There seems to be some danger for women in Gy 
many of dying in childbed. During the decade igp 
1910 for every 10,000 living or stillborn children 
women died in childbed, of whom about 16 died of pug. 
peral fever, and about 20 of other results of confip 
ment. Several diseases which are greatly dreaded ¢ 
where and which are easily conveyed, as small-pg 
typhus, and leprosy caused but few deaths in the emp! 
during the decade 1892-1902, as did also certain aning 
diseases to which human beings are susceptible, name 
hydrophobia, glanders, anthrax, and trichinosis. 4 
these diseases just mentioned taken together caused ty 
death in Germany annually of 2.3 persons in every mi 
lion inhabitants, so that the danger from them in ¢ 
country is very slight. 


Artificial Production of Vigorous Trees” 


Valuable Sports and Hybrids That Have An Interesting History 


In an article on the artificial production of vigorous 
trees, contributed to the journal of the Department of 
Agriculture and Technical Instruction in Ireland (No. 1, 
October, 1914) Prof. Augustine Henry discusses the 
nature of species, varieties, races, sports, and hybrids, 
as they appear to be from his researches. Natural spe- 
cies, in the case of trees, are readily recognized by the 
occurrence of each in a definite region or habitat. We 
have thus one species of silver fir in Central Europe, 
another in Algeria, a third in Southern Spain, ete. Of 
our common trees—oak, birch, and elm—there are pairs 
of species in the same region, each, however, occupying 
a different habitat, one species adapted to a dry situa- 
tion, the other suited to a moister soil. The peduncu- 
late oak is a native of valleys and alluvial flats. It is 
not Protected against evaporation of water, the supply 
of -w in the ground it prefers being always ample. 
The Sasile oak is a native of hilly and rocky districts, 
where water is not abundant in the soil. Its leaves 
are covered beneath with hairs, which guard against 
excessive loss of water by transpiration in windy 
weather. Similarly two alders exist on the Continent, 
but only one species, Alnus glutinosa, reached our isl- 
ands, after the retreat of the ice sheet, and before the 
land connection with France was severed by the forma- 
tion of the Straits of Dover. The other species, A. 
incana, grey alder, is absent from our native flora, but 
when introduced is very hardy, and is useful for plant- 
ing in low-lying situations liable to spring frosts. The 
ash requires such special conditions of soil, that only 
one species exists in Northern and Central Europe, there 
being no suitable soil for a second species to inhabit. 

A natural species is often a set of individuals uniform 
over a large area; but it may consist of two or more 
“geographical varieties,’ which correspond with distinct 
territories, each marked by slight differences of foliage, 
ete., that render the variety better fitted for its own 
habitat. Thus the Corsican and Austrian pines are 
closely related, but the latter keeps its leaves two years 
longer on the branches, so that the dense shade of its 
abundant foliage preserves moisture in the crevices of 
the hot limestone rocks, on which it grows in its Aus- 
trian and Servian home. The Corsican pine, with 
half the foliage of the other tree, thrives on granite soil 
in the moist insular climate of the mountains of Corsica. 
These two pines—only notably distinct in one character, 
the amount of their foliage—are usually regarded as 
two geographical varieties of the same species, Pinus 
Laricio, but by some botanists are considered to be 
two distinct species. 

In a species apparently uniform over a large area 
there may exist varieties, characterized by minute and 
scarcely describable differences. This is exemplified by 
the Scots pine. Plots of its seedlings, raised from seed 
of trees in the forests of Scotland, Russia, Switzerland, 
ete., differ in vigor and in other respects (immunity to 
certain fungi, etc.), when all are grown together under 
identical conditions. Such varieties, with slight differ- 
ences of structure, may be called races, and are of great 
practical importance in forestry. Only seeds of the 


From Nature. 


best race, that is, from vigorous trees of the most suit- 
able locality, should be used. 

A sport is usually a solitary phenomenon, arising 
either as a sporadic peculiar seedling from a seed, or 
developing out of a bud on a tree as a single branch 
with some peculiarity of twig or leaf. A sport may be 
looked upon as a freak, not forming the starting point 
of a new species, but speedily becoming extinct if left 
to nature. Sports, when of interest on account of the 
curiosity or the beauty of their appearance, are propa- 
gated usually by grafts, cuttings, or layers; being only 
in rare cases perpetuated by seed. Some sports are due 
to arrested development. The tree, in the course of its 
life, often passes through stages, like those of an insect. 
The seedling of many species differs from the adult 
tree as a larva from a butterfly. The infant ash has 
simple leaves. The sport known as the simple-leaf ash 
is simply a seedling ash, which has never progressed 
to maturity and may be called a persistent larval form. 

Abnormal coloring of leaves, so-called variegation, 
is a sport, usually starting as a solitary branch on an 
otherwise normal tree, which, when noticed, is pro- 
pagated by grafting. Deeply-lobed, crumpled, pitcher- 
like, and other abnormal leaves occur in many species, 
and are propagated as curiosities. In sports, reversion 
is often seen; thus on a fern-leaf beech one or two 
branches with normal leaves are not uncommon. This 
reversion may be due to the influence of the stock, as 
these sports are usually grafted ; or it may be explained 
as the triumph locally of normal over abnormal factors. 
Such reversions are never seen in hybrid trees. The 
occurrence of a sport seems to predispose to further 
sporting; a tree with leaves abnormal in shape will 
sometimes take on, in one branch, abnormal color as 
well. These double sports are common in the holly. 

Hybrids are combinations of two species or of two 
varieties, which arise either in the wild state or in 
cultivation. They are met with in nature as rare 
individuals on the boundary line between the area 
occupied by two species. This is well seen in York- 
shire, where a hybrid oak is found in the localities in 
which the sessile oak of the hills comes in contact with 
the pendunculate oak of.the valleys. Hybrids arise 
frequently in nurseries, gardens, and parks, where sev- 
eral species are cultivated together. 

Hybrid trees are more common than has been sup- 
posed. Many valuable trees, the real history of which 
has not been suspected by botanists, are of hybrid 
origin. As an example, may be mentioned the fine elm, 
which is universally planted in Holland and Belgium, 
where it is known as orme gras or Ulmus latifolia, 
Poederlé. This is not, as sometimes imagined, a natural 
species peculiar to those countries. It is unquestionably 
a hybrid, which is invariably propagated by layers, all 
the individual trees on this account being uniform in 
appearance. It seems to have originated three or four 
centuries ago, probably as a single seedling, which has 
given rise by vegetative reproduction since to millions 
of descendants. ; 

The distinction between sports and hybrids is well 
known in the numerous so-called “varieties” of the 


holly. Some are sports of Jlexr Aquifolium, our natin 
holly; others are hybrids, one parent being the com 
mon holly, while the other is either Jler Perado, whic 
was introduced from Madeira in 1760, or [ler Balearics, 
the holly of the Balearic Isles, which was cultivate 
at Versailles in 1789. Miller, in his account of th 
hollies in 1750, was acquainted only with the sport, 
which had arisen from the common holly, as the other 
species had not been introduced at that time ani 
hybridization was impossible. The hybrids orizinatel 
soon after 1800, the earliest apparently being Iler Ho 
ginsi and Ilex Hendersoni, which were found by Hoig 
ins as seedlings in his nursery at Dunganstown, Wid- 
low. Here Ilex Perado was cultivated; and old sped- 
mens producing flowers and fruit freely are stil! com- 
mon in Wicklow gardens. The holly hybrids are vigor 
ous trees, bearing large leaves intermediate between th 
parent species. The sports of the common holly ar 
always grafted, and are feeble in growth, with a teni- 
ency for single branches to revert occasionally to th 
normal form. 

With regard to hybrids, Prof. Henry, by historical 
research and experiment, has established the fact that 
many fast-growing trees in cultivation as the Lucombe 
oak, common lime, cricket bat willow, black Italian pop 
lar, ete., are hybrids. By artificial pollination he has 
succeeded in raising new hybrids, which display the er 
traordinary vigor characteristic of the first generation 
cross ; and in his paper gives an account of these. Th 
most notable so far are a hybrid poplar (Populw 
generosa) and crosses between the common ash and 
American species of Fraxinus. 


Advantages of Surface Combustion 

An English firm introduced the Bowe system of sur 
face combustion with liquid or solid fuels for which dé 
cided advantages are claimed. Among the special a> 
plications illustrated by the booklet are those to enamel 
ing, forging, annealing, bolt-making, glass-working, ané 
metal-melting. It is stated that until recently it has 
been necessary in the enameling industries to employ 
muffle furnaces in the heating of the ware, for if th 
combustion gases gain access to it the lead oxide i 
the enamel is reduced and the work ruined. This effect 
is due to the incomplete combustion of the gases. 48 
the result of a special test carried out by represent® 
tives of an important manufacturing firm, it appeat™ 
that the combustion products of the new system <o not 
impair the enameled surface, and, therefore, may 
allowed to have free access to it, so dispensing with the 
necessity of muffies, and effecting a great saving in fue 
The advantages claimed for the system generally are: 
(1) The combustion is greatly accelerated by the inca? 
descent surface, and, if so desired, may be concentrated 
just where the heat is required; (2) the combustion # 
perfect with a minimum excess of air; (3) the :ttait 
ment of very high temperatures is possible without t 
aid of elaborate “regenerative” devices; ¢4) owing 
the large amount of radiant heat developed, transmissi® 
of heat from the seat of combustion to the object to ¥ 
heated is very rapid. 
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Electro-Culture of the Soil 


A Discussion of the Part Taken by Electrical Processes in Biological Reaction 


Durine the past few years there has been much specu- 
jation as to the effects of electricity’ upon the develop- 
ment of plants and various experiments have been made 
in the stimulation of germination or growth by elec- 
tricity, either by the use of electric lights or by the 
transmission of currents of electricity to the plants or 
the earth. Results have varied, some investigators 
claiming great successes, while others express doubts as 
to the practical value of such methods, or even assert 
that crops of different kinds are injured by the use of 
electricity. 

One of the advocates of the benefits of electricity for 
vegetation is Prof. Dr. W. Léb of Berlin, who read an 
interesting paper on the question at the session in 
Leipzig in May, 1914, of the German Bunsen Associa- 
tion for Applied Chemistry. Acknowledging that the 
problem was still unsolved, but claiming that the effort 
in any direction to settle it was of value, he reminded 
his hearers that under natural conditions vegetable life 
exists in the conductive surface of the earth and has 
above it the dielectric atmosphere. As electrical proc- 
esses resulting from these conditions, there may be an 
electrolysis within the earth which produces a directed 
transmission of ions and a discharge of ions at the elec- 
trodes, or by cataphoresis the relations of the colloid 
substances of the earth or of the parts of the plants 
are shifted. There can, further, be a fall of potential 
in the layer of air surrounding the plants, followed by 
the seeking of equalization through the dielectric at- 
mosphere with the ground or the surfaces of the plants. 
This latter form of influence is the one best suited for 
imitation in practical electro-culture, in which there is 
generally an insulated metal frame or an insulated 
metal lattice-work stretched parallel to the ground at a 
certain height above it and equipped with high voltage 
electricity, which is equalized with the ground by con- 
stant discharge. 

The natural form of electrical energy to which this 
practical method bears the closest resemblance, that of 
silent discharge, opens up the question of the reactions 
attainable through the equalization of differences of 
potential by means of a dielectric, a question which ex- 
tends far beyond the problem of electro-culture. For, 
as it is certain that the differences of potential neces- 
sary for the discharge exist in nature without the aid 
of artificial devices, they must co-operate in proportion 
to their chemical activity in the natural reactions. In 
regard to atmospheric electricity, Berthelot proved that 
differences of potential, which vary from 7 volts per 
meter in dry weather to 500 volts in damp weather, 
appear between layers of air, between air-surfaces and 
leaf-surfaces, or between the air and the ground. The 
equalization of these differences generally occurs in the 
form of dark discharges. Another form of continuous 
discharge at the earth’s surface is the glow discharge. 
The part taken by sunbeams in generating the surfaces 
of potential-levels has been investigated of late years 
by Nodon, and in the sunbeam, we should remember, 
besides the heat and light rays, ultra-violet rays are 
also active, the importance of which for ionizing in 
gases, or in the generation of electrons, is known. 

All this led Dr. Léb, who had spent many years in 
investigating the chemical effects of the silent discharge 
to take up the problem of electro-culture in connection 
with the silent discharge and to make experiments to 
determine the part taken by the electrical processes in 
the chief biological reactions. In his address, which is 
given in the German journal Zeitschrift fiir Elektro- 
chemie, he says: 

“In order, first of all, to gain a general position to 
this problem, it is only necessary to recall that undoubt- 
edly during the process of equalization of the differ- 
ences of potential in the dielectric, if the dielectric is 
moist air, definite reactions are regularly caused, as, 
for instance, the formation of ozone, peroxide of hydro- 
fen, and oxide of nitrogen. The further question nat- 
trally arises, whether these substances influence the 
vegetative processes, as the assimilation of carbonic 
acid and nitrogen, or processes of oxidation, whether 
they accelerate or retard the numerous enzyme reac- 
tions. It is also known that chemical reactions are not 
merely limited to the domain of gases, but that the 
interface between the ground and the air also causes 
Teactions which directly affect the substances within 
the ground. Thus, Berthelot proved that a number of 
fixed bodies and fluid substances absorb nitrogen. If 
the ultra-violet rays are also taken into consideration, 
the number of possible reactions is much larger. Re- 


tently Neuburg, among others, showed how easily and 
fompletely many biologically important substances are 
Changed by the ultra-violet ray.” 


These conditions and results lead to the deduction 
that electrical energy is of much importance in the reac- 
tions of life. The silent discharge seems to be espe- 
cially suited for use in investigating such reactions be- 
cause in it, under exclusion of higher temperatures, 
electrical energy appears united with the ultra-violet 
ray, as has been shown by Warburg, and because rela- 
tively strong chemical effects are produced. 

Among the biologically important investigations un- 
dertaken by Dr. Lib are: “1. The assimilation of car- 
bonic acid from moist Carbonic acid over formaldehyde 
up to glycolaldehyde ; 2, the synthesis of the fatty acids 
connected with the assimilation of carbonic acid; 3, the 
synthesis of glycocol from carbonic acid, water, and 
ammonia over the intermediate stage of the forma- 
mides, a reaction which may be regarded as the first 
phase of the assimilation of nitrogen in the process of 
the formation of albumen; 4, the hydrolysis of starch; 
5, the removal of the amino group from glycocol.” 

When these results are compared with the reactions 
which can be produced in the atmosphere, as the for- 
mation of ozone, peroxide of hydrogen, and oxide of 
nitrogen, the reactions attainable by the action of the 
silent discharge may, according to Dr. Lib, be summed 
up as follows: “a, Direct syntheses or decompositions 
ure produced from the substances of the atmosphere or 
of the conducting electrode (fluid or surface of the 
earth) ; b, substances are produced which either retard 
or accelerate other biological processes; c, reactions, the 
course of which only affect themselves, are accelerated 
or retarded directly by the influence of the electrical 
discharge, that is, without catalytic agents.” 

In company with Dr. A. Sato, Dr. Léb, about a year 
ago, took up the question whether the enzyme reactions, 
so important for the germinating plant, are modified in 
their course by the influence of the electrical discharge. 
To settle this point it was necessary to determine: the 
condition of the substrata under the influence of the 
discharge, whether the enzymes are affected by the dis- 
charge, and in what way the discharge acts upon the 
enzymatic modification of the substratum. The experi- 
ments had to be made both with atmospheric air, and 
under its exclusion in order to avoid the appearance of 
ozone, hydrogen peroxide and oxide of nitrogen, and 
involved tedious and delicate experiments. 

As the experiments sought only to determine the 
main conditions, animal not vegetable enzymes, were 
used, solutions of suitable dilution being made from the 
dried substance of the pancreas of hogs. The results 
showed that the enzymes and substrata used were mat- 
ters of importance, so that there is a possibility that 
the action of the discharge upon the vegetable en- 
zymes might be different from its action upon the 
animal enzymes. Among the most important enzymatic 
processes of the germinating plant are the diastatic, 
tryptic, and lipolytic reactions of the enzymes. In his 
summary of results Dr. Léb says: 

“1. Watery solutions of starch are hydrolyzed under 
the influence of the silent discharge and the glow dis- 
charge in the presence of oxygen and under its exclu- 
sion. At the same time the part of the starch not 
hydrolyzed is altered in another way, perhaps in the 
direction of a polymerization, so that the part of the 
starch exposed to the discharge but not hydrolyzed has 
more power of resistance to diastase than starch not 
treated by electricity. 2. The diastatic properties of the 
pancreatic solutions are decidedly retarded by the elec- 
trical treatment. 3. The reaction between diastase and 
starch is retarded by the electrical treatment. 4. Pepton- 
ized silk (partially hydrolyzed silk) solutions are hydro- 
lyzed only slightly by the discharge, whereby a little 
free ammonia appears. The amount of the amino acids 
and of the non-colloidal nitrogenous substances are not 
demonstrably increased. 5. The tryptic properties are 
retarded by the discharge. 6. In the presence of pepton- 
ized silk the tryptic properties are not demonstrably in 
jured through the peptone. 7. In the presence of fibrine 
the electrical treatment increases the tryptic properties 
which act upon this, the digestion of fibrine is accel- 
erated.” 

It was, curiously, found that in some cases the dis- 
charge injured the enzyme when the latter was exposed 
to it without a substratum, while when the substratum 
was present the action of the enzyme was accelerated. 
The reason for this may be that the discharge changes 
the colloid condition of the enzyme and encourages floc- 
culence. If this process begins without a substratum 
it is possible that the adhesion of the enzyme to the 
substratum is made more difficult should the latter be 
added later. If the substratum is present during the de- 
velopment of flocculence, the chemical affinities wndoubt- 


edly existent between it and its enzyme may influence 
the adsorption process between the two in the same 
direction, thus accelerating the enzyme reaction. 

Another fact gained from the experiments is that the 
nature of the substratum is of importance for the effect 
of the discharge, which would imply that the sensitive- 
ness of the specific character of the enzymes varies as 
regards electrical treatment. The reactions of vegeta- 
tive life, assimilation of carbonic acid and nitrogen, 
process of oxidation and reduction, enzymatic decom- 
positions of highly molecular substances, which fre- 
quently precede further transformations, as well as the 
numerous processes of polymerization and syntheses of 
other kinds, are all closely connected with the form of 
the supply of energy. Numerous questions arise as to 
the action of the sun’s rays on the growth of plants and 
the connection of light and heat with electrical energy. 
These questions will have to be experimentally an- 
swered before the scientific basis of electro-culture can 
be laid. 

In the discussion which followed the reading of the 
paper before the association at Leipzig some doubt was 
uttered as to the actual results of electro-culture, the 
opinion being expressed that the effects of electricity 
seem either negative or secondary. The necessity was 
also dwelt on for extreme caution in all such experi- 
ments, as ferment infections caused by ordinary micro- 
organisms could lead to mistaken deductions. F. Haber 
of the Kaiser Wilhelm Institute, at Berlin, gave the 
results of his investigation with others of the assimila- 
tion of a leaf of cherry laurel in air filled with carbonic 
acid. It was found that the electric field produced no 
change in the assimilation unless a glow discharge was 
obtained. Both continuous and alternating currents 
were used, also an alternating field was tried. The 
reaction produced by the glow discharge injured assim- 
ilation. The admixture of ozone or oxide of nitrogen 
with the air had the same effect as the glow discharge. 
The concentration was diluted until no injurious effects 
were perceptible, but no useful results were attained. 
In conjunction with these experiments, Messrs. Knight 
and Priestley of the Botanical Garden of the University 
of Leeds investigated the breathing of plants under the 
influence of electric fields and reached only negative 
results. These and the investigations of other scientists 
mentioned led him to the opinion that when success is 
obtained in electro-culture the question proves to be not 
that of electrical action upon one of the physiological 
functions of the plans, but merely that of an entirely 
secondary effect of electricity. 

In reply to the inquiry how he supposed the glow dis- 
charge affected enzyme action, whether it was through 
the production of certain chemical substances which 
influenced this action, Dr. Lib said that any influence 
could only be on the surface, as the enzyme solution 
forms an electrode within which hardly any perceptible 
fall of potential could take place. The entire fall of 
potential occurs in the atmosphere; the reaction takes 
place on the surface of the fluid. Perhaps the best way 
to describe how the chemical action arises would be to 
compare the phenomena with the action of the ultra- 
violet ray. If ultra-violet rays are thrown on a ster- 
ilized solution of sugar the solution at once changes, it 
absorbs oxygen, oxidizing processes appear, ete. With 
the aid of the theory of electrons, various schemes 
could be advanced as to how this happens, but he did 
not wish to form a definite theory until more facts had 
been determined. C. Schall of Leipzig spoke of an ex- 
periment once made with an electrically charged metal 
in a solution with which it acted when not charged. It 
was claimed that the resulting yield was greater, so 
that perhaps the reaction was accelerated in some man- 
ner. It was also supposable that leaves charged at a 
fairly high potential, 100 volts, could, when the con- 
stitutents there combined, act upon the speed with 
which a reaction takes place on the surface. 

In reply to an inquiry as to how the experiments were 
made, Dr. Lib said the enzyme solutions were exposed 
te the discharge in suitable vessels, and simultaneously 
the same solution was set in a similar vessel without 
exposure to discharge. Then the enzyme strength of 
these enzyme solutions was determined, and it was set- 
tled whether the speed of the enzyme reaction had been 
increased or retarded in the hydrolysis of starch or in 
the digestion of peptone, casein, or fibrine. Next the 
behavior of the substratum without the enzyme under 
the influence of the discharge was investigated, and 
after all this the enzyme reaction on the substratum 
was allowed to go on to completion simultaneously 
under the effect of a discharge and without discharge. 
The result was quantitatively determined, 
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Fig. 3.—A physiological record of radio time signals. Irregularity in recorg% 


Fig. 4.—A record showing extreme fatigue of the m 


Records of Radio Time Signals 


Made With a Physiological Recorder 
“By Prof. C. W. Waggoner, West Virginia University 


From the date of Galvani’s historic experiment with 
the frog muscle in 1786 to the present, physiologists 
have investigated the effect of electrical and mechanical 
stimulus upon this remarkably sensitive physiological 
mechanism. Helmholtz is credited with having made 
the first careful study of the muscle-nerve preparations 
in 1852 and the use of these preparations from the frog 
for the study of the characteristics of these tissues is 
common in all physiological laboratories. 

This paper is a report on some records made with the 
muscle-nerve preparations of a frog of the radio time 
signals sent from the Government naval station at 
Arlington, Va., and received on a small aerial erected 
on the campus of the West Virginia University. 

Dr. Lefeuvre’ of the University of Rennes, France, 


Fig. 1.—Receiving apparatus. 


succeeded in obtaining some records of the wireless sig- 
nals sent from the Eiffel Tower, Paris, by using the 
muscle-nerve preparation of a frog, transmission of 
such signals from Paris to Rennes being for the most 
part over very level land, and at a distance of approxi- 
mately two hundred miles. He used a sensitive elec- 
trolytic receiver, shunting the recorder current around 
the high resistance telephones which were placed in 
series with the detector and potentiometer, 

The distance from Morgantown to Arlington, Va., is 
approximately 162 miles and in between lie three big 
mountain ranges, one ridge of which rises 2,200 feet 
above the level of the campus. The aerial used in these 
experiments consisted of four cables of stranded copper 
wire, seven strands of No. 21 wire to each cable. The 
aerial is of the inverted L type, the highest point being 
112 feet above the ground, and has suflicient length to 
give it a natural wave-length of 375 meters. 

In Fig. 1, showing the receiving apparatus, A is an 
induction type receiving transformer which was con- 
structed in our shop, and has a tuning range of 50 to 
4,000 meters with a comparatively short aerial. C is a 
variable condenser of approximately 0.001 microfarad 
capacity. W is a buzzer-driven wave-meter, the induct- 
ance of which is loosely coupled with one turn of the 
aerial lead-in. The electrical connections are those 
commonly used for receiving long wave-lengths. The 
secondary of the receiving transformer is shunted by 
the variable condenser to insure ease in sharp tuning: 


* A paper read before the American Physical Society, Wash- 
ington, D. C. 
1 Lond. vol. Ixxi, 1913. 


around the secondary is also shunted a circuit contain- 
ing the detector and a small fixed condenser in series. 
The terminals leading to the recorder are connected to 
a switch so that either the recorder leads or the tele- 
phones may be shunted across the small fixed condenser. 
The buzzer used to excite the wave-meter is of the type 
described by Austin.? The buzzer is very simple to 
construct and gives such a steady, high pitched note 
in the telephones that we have found it a very valuable 
addition to the general equipment of the laboratory. 
The buzzer shown in the figure will operate on two dry 
cells for six to eight hours at a time without requiring 
any adjustments or attention. Such a buzzer is essen- 
tial to the most careful adjustments on the silicon de- 
tectors. The detectors are shown in the figure at D and 
are mounted upon a spring support. Simple silicon- 
steel detectors without batteries were used throughout 
these experiments, and it was found that they were 
amply sensitive for the recorder. The spring support 
for the detectors was found to be a great convenience. 
Those who have used this type of detector know how 
senstive it is to a slight jar, and with this type of sup- 
port there was no diffieulty keeping several detectors in 
adjustment for weeks at a time without disturbing them 
in the least. The experiments were made during Feb- 
ruary and March of last year, and little trouble was 
experienced from static discharges in the atmosphere. 

The mechanism for making the records is shown in 
Vig. 2. The frog is shown at F (the table upon which it 
was mounted was tilted to the vertical position for the 
photograph). The preparation was made by removing 
the frog's brain, destroying the spinal column and dis- 
secting out the sciatie nerve which energizes the gas- 
trocnemius muscle. The muscle was cut free at the 
lowest point and fastened by a cord to one end of the 
long lever shown at 7. This lever, with a suitable 
sharp marker on its end, was arranged to move, at the 
contractions of the muscle, over a smoked paper kymo- 
graph K driven by a constant speed motor M. At T is 
shown a small Zimmermann time-marker which was 
adjusted to record seconds simultaneously with the 
record made by the muscle-nerve preparation. This 
time-marker has a fine Swiss watch movement, and a 
comparison of its record with the standard time record 
made by the muscle will show an error too small to be 
determined on the scale drawn on the record. 

The method of making a record was to tune the re- 
ceiving transformer with the aid of the wave-meter to 
2,500 meters; then as soon as the signals began to 
arrive the telephone leads were replaced by the leads 
to the recorder, and the two platinum points or elec- 
trodes in contact with the nerve were moved along the 
nerve until a strong but regular response to the signals 
was obtained. The records were fixed by coating them 
with a thin solution of shellac in alcohol. 

With a satisfactory preparation no difficulty was met 
with in getting full five-minute records of the time sig- 
nals both at 12 noon and 10 P. M. (eastern time), often 
the same preparation serving to make records at both 
these hours. In a number of cases it was found that 
when a frog was prepared only a few minutes before 
making the record it was entirely too sensitive, and a 
complete tetanus would result from the stimulus of the 
first few signals, and no results could be obtained. 
After twelve or fourteen hours this same preparation 


. ? Austin, Bull. Bur. of Standards, vol. vi, 1910. 


would often give an excellent record. A few frogs were 
found whose muscle-nerve preparations failed to re 
spond at all. This failure may be due to the fact that 
only winter frogs were to be had and at this time in 
their hibernation their vitality was probably very low, 

Figs. 3 and 4 show some records made by this type 
of recorder. Fig. 3 shows a record made by a freshly 
prepared specimen. This record was taken at 10 P. M 
and on the record following the time dash at 10 will be 
found the weather signals. The muscle-nerve prepara- 
tions will not respond to rapidly repeated stimulii, espe- 
cially if the muscle is fatigued, as was the ease in the 
record shown in Fig. 3, and it is of course impossible 
to interpret the weather signals from this record. It 


Fig. 2.—Recording apparatus. 


Was possible often to record the operator's signature at 
the close of the last time dash, but only when the frog 
was used in making signals for two or three minutes. 
Vig. 4 is a record showing extreme fatigue of the mus 
cle. This record was made by a muscle-nerve prepara- 
tion which had been prepared twenty-five hours before 
this record was made and the rapidly decreasing am- 
plitude of the vibration indicates the fatigue. 

From the experiments performed it seems that this 
type of recorder, while remarkably sensitive to small 
electrical impulses, is limited to slowly applied signals 
if the record is to be taken for any considerable length 
of time. A freshly prepared specimen will show com- 
plete tetanus if the impulses occur as rapid as twenty- 
five or thirty times a second. We were unable to get 
any very satisfactory records of the weather signals, 
except to record some of the numerals which consist of 
well spaced dots and long dashes, even with a freshly 
prepared specimen. 

Like all recorders, this one responds to static dis 
charges, and if the static current is very strong the 
high current tends to cause tetanus and ruin the record. 
It is possible that this type of recorder could be used 
by observatories in connection with the chronograph for 
finding the rate of clocks, making use of some sort of 
an amplifier, such as the Audion, in such stations so fat 
distant from the sending station that the received cur 
rent on the antenna would not be sufficient to operate 
the muscle-nerve preparation. The response to the sig 
nals is very rapid. Physiologists have found that this 
muscle-nerve preparation will respond to the stimulus 
in one-one hundredths of a second after the current has 
reached the nerve. 
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Hydrogen, Its Technical Production and Uses* 
By A. F. Seeker 


In recent years the cheap production of hydrogen on 
a large scale for technical purposes has become a prob- 
lem of some importance. Formerly it was used occa- 
sionally for filling balloons and in the oxy-hydrogen 
flames of the so-called “calcium light.” Being the 
lightest of the common gases and of a correspondingly 
high sustaining power, it has become essential for the 
filling of dirigible balloons with their heavy burden 
of propelling machinery. Such uses, however, have 
become of rather secondary importance, and it will 
probably be only a short time before the dirigible balloon 
and the “calcium light” will have been permanently 
discarded in favor of heavier than air machines and 
varied forms of projected lights operated by electricity. 

The oxy-hydrogen flame is now becoming a common 
tool in the hands of the artisan in working refractory 
metals; liquid oils and soft greases are now “hydro- 
genated” to produce acceptable lard and butter sub- 
stitutes, and also solid fat suitable for the manufacture 
of hard soaps; and lastly, the use which promises to 
consume enormous quantities, ammonia is manufactured 
from hydrogen and atmospheric nitrogen. All these 
uses tend to make the problem of the production of 
cheap hydrogen one of considerable importance. 

The employment of the oxy-hydrogen torch is too 
well known to require description here. The com- 
mercial “hydrogenation” of oils and fats is of recent 
introduction. The process consists in treating the oil 
or grease in a suitable vessel containing a catalyzing 
agent, generally nickel, with hydrogen under pressure. 
The oil is violently agitated in order to bring it into 
intimate contact with the hydrogen and catalyzer. The 
result is that the glycerel esters of the unsaturated 
fatty acids, which generally consist for the most part 
of oleic acid, become saturated, and the mono-, di-, or 
triolein, as the case may be, is converted into the 
corresponding stearin. The oleins are either liquid or 
semi-solid at ordinary temperature, and produce soft 
wap or soap that will not hold much water without 
becoming soft. The stearins are solid fats at ordinary 
temperatures and produce hard soaps. Thus by the 
process of hydrogenation, cotton seed and corn oils 
are to-day being converted into lard and butter sub- 
stitutes, and the soft waste grease which formerly coufil 
only be used sparingly in soap on account of their soft- 
ening effect can now be employed alone as soap stock. 
The importance of this is understood when the soaring 
prices of animal tallows are taken into consideration. 

In view of the impending exhaustion of the Chile 
nitro beds, the problem of the fixation of atmospheric 
nitrogen for the manufacture of artificial fertilizers 
has received constantly increased attention. Electrical 
uethods for the production of cyanimid from calcium 
carbide and nitrogen, and the flaming are process for 
making nitrie acid directly from the air have been 
tablished upon a successful commercial footing, but 
these require such an enormous expenditure of energy 
that they can only be operated profitably where there 
is an abundance of cheap water-power. If only these 
Processes were available, countries lacking in water- 
wer would be placed at a distinct disadvantage, and 
for this reason many chemists, particularly those of 
Germany, have labored to find a process better suited 
to the conditions surrounding them. The details of 
this search were described in a most interesting man- 
ter before the Eighth International Congress of Ap- 
plied Chemistry, by Hofrat Dr. Il. A. Bernthsen, who 
is the Chemical Director of the Badische Anilin und 
Sola Fabrik, the owners of a synthetic ammonia fac- 
tory now in successful operation at Oppau. 


* The Chemical Engincer. 


The process, which has been named after Haber, its 
inventor, consists in passing a mixture of pure nitrogen 
and hydrogen under a pressure of 150 to 250 atmos- 
pheres through a tube filled with a catalyzer and heated 
to 650 deg. to 700 deg. Cent. The hot gases then pass 
through a heat regenerator and thence through an 
ammonia absorber, after which they are replenished 
with fresh gas mixture and forced by a pump back 
over the outer walls of the contact tube and then 
through the contact mass to repeat the circulatory 
course already described. Only a part of the gas mix- 
ture is converted into ammonia by a single passage 
through the converter, but the gases are made to cir- 
culate continuously through the apparatus, the am- 
monia being absorbed each time as the mixture issues 
from the heat regenerator at the end of the contact 
tube. The gases are replenished with fresh hydrogen- 
nitrogen mixture as required. The contact mass con 
sists of pure iron containing small amounts of certain 
so-called promoters which may consist of oxides, hy- 
droxides, or salts of the alkalies or of the alkalin> 
earths, and also many other substances of the most 
varied nature, especially metallic compounds or the 
metals themselves. 

There have been many ways proposed for the pro- 
ducing of hydrogen on a large scale, the most impor- 
tant of which are the electrolytic and the water gas 
process. The studies of A. Wegener and others lead 
to the belief that at an altitude of about 75 miles the 
atmosphere consists of pure hydrogen and nitrogen 
that would be ideal for the Haber process. Unfor- 
tunately no means of piping these gases down to our 
sphere of action are known and we must content our- 
selves with more laborious methods of production. 

At European army posts, hydrogen for military bal- 
loons is commonly generated from scrap iron and sul- 
phuric acid, the reaction being accelerated by heat- 
ing the mixture to about 55 deg. Cent. For field 
operations zine is used in place of iron and the gen- 
erators are mounted on wheels to facilitate transpor- 
tation. Three other, and more modern means, of 
generating hydrogen are used for field purposes and 
will no doubt be adapted for other than military uses 
in places difficult of access where the gas is needed. 
These processes were invented by G. F. Jaubert, a 
Frenchman, and were named by him respectively, the 
“Hydrolith,” “Silicol” and “Hydfogenite” processes. 

Hydrolith is formed by heating metallix calcium in 
an atmosphere of hydrogen, producing a hydride, Call,, 
which when treated with water reacts as follows: 

CaH,-++-H,0—Ca (OH),-+-2H1., 

just as calcium carbide generates acetylene. Hydro- 
lith is a white crystalline powder, decomposing at 600 
degrees in a vacuum, and usually contains about 90 
per cent of Calf,, the rest being nitride and oxide. 
One kilogram yields about one cubie meter of hydro- 
gen. The apparatus designed for using hydrolith in the 
French army is very ingenious, can readily be trans- 
ported and has a capacity of 1,200 cubic meters per 
hour. An army dirigible can be filled in four hours. 
The high cost of hydrolith, $1.33 per kilogramme. will 
at present seriously restrict its use outside of military 
operations. 

The Silicol process consists in treating powdered 
ferrosilicon, or mangano-silicon with water and caustic 
soda. It does not appear to have gained extended use 
because of the more troublesome manipulations and the 
greater difficulty of controlling the evolution of gas as 
compared with the other methods. 

Ilydrogenite is composed of ferrosilicon (containing 


90 to 95 per cent of metallic silicon) 25 parts, caustic 


soda 60 parts and dry slaked lime 20 parts. The in- 
gredients are reduced to a very fine powder, intimately 
mixed, and pressed into brick weighing 25 to 50 kilo- 


grammes. Being very hygroscopic, each brick must be 
sealed in a tin box to prevent decomposition. In gen- 
erating hygrogen the brick is placed in a metal cham- 
ber having double walls, the space between the two 
walls being filled with water. Vents are placed in the 
upper part of the inner wall leading to the central 
chamber containing the hydrogenite so that the steam 
formed during the combustion may gain access to the 
charge and increase the yield. The cover of the tin 
containing the hydrogenite is opened, the tightly fit- 
ting lid of the generator fastened in place and through 
a small hole in the latter a red hot wire is thrust into 
the charge. The mass burns quickly, without flame, 
generating heat and evolving hydrogen according to the 
equation : 

One volume of the compressed hydrogenite yields SOO 
volumes, or 270 to 370 liters per kilogramme, of pure 
hydrogen, at a cost of about 32 cents per cubic meter. 
The requisite apparatus for field purposes weighs about 
00 kilogrammes, 

The methods employed upon a large scale are, of 
course, capable of producing the gas much more cheap- 
ly. In one of these an iron, clay lined retort is filled 
seven-eighths full of coke, ignited and raised to a 
white heat by an air-blast. The retort is then closed 
and a cheap hydrocarbon like crude petroleum or coal 
tar is injected into it from the top for about 20 minutes 
or until the temperature has fallen below the proper 
cracking point, the gas thus generated passing through 
a sprinkling tower and filtered into the gasometer. 
The oil injector is then shut off, the retort opened, the 
air blast again turned on, and the process repeated 
indefinitely with periodical renewal of the coke and 
removal of the ashes. The product contains about 2.7 
per cent CO, 96.0 per cent H, and 1.5 per cent N, and 
has a specific gravity of 0.1. The gas can be still 
further purified to a content of 98.4 per cent H, by 
passing it through suitable absorbents, and is produced 
at a total cost of 3 to 4 cents per cubic meter, accord- 
ing to the size of the plant and the materials used. 

Large amounts of hydrogen are obtained as a_by- 
product in the electrolysis of salt solutions in the man- 
ufacture of chlorine and of caustic soda. The 
trolysis is effected in a cell having a cement diaphragm 
which is not attacked by chlorine or caustic soda. The 
electrodes are iron and carbon, the latter being used 
aus an anode. The reaction which is as follows: 

2NaCl + 2H, = 2NaOH -+- Cl, +- H, 
yields 7,000 cubic feet of hydrogen for every ton of 
salt. A cell operates on 15,000 horse-power at Gries- 
heim, Germany, producing 245 million cubic feet of 
hydrogen per annum. 

Two other methods, now little used, consist, (1) in 
passing superheated steam over red hot iron, and (2) 
in conducting water gas through suitable absorbents 
so that the carbon-monoxide and hydro-carbons «are 
removed, leaving behind the hydrogen and nitrogen. <A 
third process which is increasing in application was 
devised by Linde, Frank and Caro. In this, water gas 
which consists mainly of carbon monoxide and hy- 
drogen is compressed and cooled to the liquefying point 
of the carbon monoxide. Upon relieving the pressure 
the mixture expands and in so doing is cooled still 
further so that the carbon monoxide and most of the 
impurities separate out in liquid form, allowing the 
hydrogen to pass off in a fairly clean (97 to 98 per 
cent H) condition. The mixture containing the liquid 
carbon monoxide is later vaporized and used in com- 
bustion motors for power. 

The growing demand for cheap hydrogen for indus- 
trial act to promote improvements in’ both 
the electrolytic and the water gas processes because 
both require comparatively cheap raw material. 
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Electric Waves and Oscillations’ 
A Means of Investigating the Interior of the Earth 


Tue attempts—which have, until very recently, been 
unsuccessful—to utilize electric currents and waves in 
the investigation of the interior of the earth extend 
back, respectively, to the years 1830 and 1901. The first 
practical results in this field, attained by Heinrich 
Liwy and myself in 1910 and 1911, attracted by no 
means the attention in mining circles that we had an- 
ticipated. Even at the present day, in the face of a 
great number of successful achievements, many persons 
are still skeptical about the devélopment of electro- 
dynamic methods of exploring the earth, Judging from 
my experience, this is due especially to the fact that 
neither the physical basis nor the scope of the various 
processes in question are correctly understood. Wireless 
telegraphy, the most familiar application of electric 
waves and oscillations, is commonly accounted one of 
the marvels of modern times; while the application of 
the same phenomena to subterranean exploration is 
consigned to the realm of fable. In the following re- 
marks I hope I may be able to convince the reader- that 
the latter application is neither impossible nor incom- 
prehensible. 

The physical principles involved in this subject were 
discussed in detail in the journal Keli, volume 7, 1913, 
No. 17. I there explained the principles of the wireless 
transmission of electrical energy through space, in order 
to save practical mining men the necessity of consult- 
ing a work on wireless telegraphy. Hence, I shall in 
the present article limit myself to a short sketch of the 
various processes. 

The possibility of applying electrical waves and oscil- 
lations in the investigation of the earth’s interior de- 
pends upon certain physical differences in the materials 
constituting the earth’s crust. The latter fall into two 
classes, according as they conduct electrical currents, 
or, on account of their slight conductivity, are classed 
as insulators. Good conductors of an electrical current 
are impervious to electrical waves, whereas the latter 
pass almost unaffected through insulators. 

As electrical waves differ from light-waves only in 
wave-length, optical phenomena may be directly repro- 
duced by the former. With an apparatus for emitting 
waves (a sender) and one for recording them (a re 
ceiver), we may make qualitative observations on the 
material lying between the two instruments. As stated 
above, materials that are conductive to an electrical 
current will not permit the passage of the waves. 
Among the conductors are water," salt solutions, and 
strata saturated with these; also a large number of 
ores. 

I. INVESTIGATION BY MEANS OF ELECTRICAL WAVES. 
a, Absorption Method. 

A first practical method of investigation, the absorp- 
tion process, takes the form of testing rocks for the 
presence of various substances by examining their ca- 
pacity for admitting the passage of electrical waves. 
Practical investigations of substances which are opaque 
to such waves (ore and salt solutions) were made by 
Dr. Liwy and myself in the state mine of Ronnenberg, 
near Goslar, and also by Dr. Léwy at Scharley. These 
confirmed the fact that good conductors of an electrical 
current are opaque to electrical waves. A fair agree- 
ment with the theory, i. e., absence of marked absorp- 
tion, was yielded by the rocks occurring in potash 
mines; viz., various salts, anhydrite, clay, ete. Nu- 
merous investigations in a large number of mines 
proved that there could be no doubt about the trans- 
parency to electric waves of the rock-forming minerals 
constituting the earth’s crust—the ores excepted—when 
these substances are dry. 

b. Reflection Method. 

The reflecting power for light-waves of a great num- 
ber of substances is as accurately known as their various 
degrees of transparency. Among the excellent reflec- 
tors of electrical waves we find, again, the substances 
that are conductive to an electrical current, viz., met- 
als, ores, salt solutions, and water. With senders and 
receivers of electrical waves which have their anterinze 
so arranged as to send or receive only in a selected 
direction it ts possible, therefore, to locate these con- 
ducting substances through intervening material that is 
transparent to waves, merely by changing the direction 
of the antennme. From the angles between the antenne 
of the sending and receiving instruments, respectively, 


* Translated from Zeitschrift des Vereines deutacher Inge- 
nriewre. 

‘Pure water is a non conductor. The author's statement is, 
however, true of all water found in nature, this being conduc- 
tive In virtue of the substances it holds in solution.—Trans- 
lator’s note. 


By Dr. Gotthelf Leimbach 


and the ground when the intensity of the signals re- 
ceived is greatest, the depth of the reflecting layer (ore 
or water) can be computed. Practical investigations at 
the swimming hall in Géttingen, and alse at Barsing- 
hausen and Scharley, have proved the strong reflecting 
power of water and ore. 

c. Interference Method. 

In many cases, e. g., in determining the location of a 
water-bearing seam in the interior of a mine, it is im- 
possible to use long antennz, movable at will. Such a 
seam may, however, be located with stationary sender 
and receiver if the wave-length of the system is so 
chosen that the waves running directly from the sender 
to the receiver are neutralized by those reflected from 
the conductive substance. This will happen when the 
path of the reflected waves is longer by %4, 1%, 2%, 
ete., wave-lengths than that of the direct waves. The 
two trains of waves have a different direction of oscil- 
lation, and opposite phase; their effect upon the re- 
ceiver will be nil in case they have equal energy. On 
the other hand, if the difference between the length of 
path amounts to one or a number of whole wave- 
lengths, the waves will then be of the same phase and 
their effect upon the receiver will be reinforced. As 
we are able to vary at will the wave-length of a sender 
and a receiver, we can ascertain by this method, as by 
the others, the presence and the depth or distance of a 
conductive reflecting seam. Experiments of this sort on 
a small scale were made by the writer many years ago 
in connection with investigations of quite a different 
character, viz., the study of moist soils, at the geophys- 
ical institute of Géttingen University. 

d. “Quarter-wave-length” process. 

In the method above outlined both a sending and a 
receiving system are used. About a year ago it oc- 
curred to me to ascertain whether the wave emitted by 
the sender and returning thereto after falling vertically 
upon a reflecting surface would not affeet the oscilla- 
tions of the sender in a manner analogous to what oc- 
curs in the interference method. A method depending 
upon this principle would have the advantage of great 
simplicity, as compared with the interference method, 
because it would eliminate the second receiving system. 
In the laboratory of the “Erforschung des Erdinnern 
G. m. b. H.” (“Subterranean Investigation Company, 
[td.”) at Gottingen, experiments on a small scale gave 
the surprising result that reflecting surfaces could be 
located the length of which was less than that of the 
antenna and the breadth only one hundredth the length 
of the antenna, or less. This method is, therefore, ex- 
tremely sensitive. As the sender shows particularly 
characteristic effects for differences of a quarter of a 
wave-length or multiples thereof, this process has been 
called the “quarter-wave-length” method. From the 
position of the characteristic maxima and minima of 
the effect of the reflected waves in relation to the wave- 
length the depth of the reflecting layer may be very 
accurately determined. This method is appropriate for 
seeking ore or water from the earth’s surface in all 
cases where the intervening strata do not wholly absorb 
the waves. An expedition sent out by the company 
above mentioned, under the auspices of the Imperial 
Colonial Office and other interested parties, is now en- 
gaged in prospecting by this method in Southwest 
Africa. 

Il. INVESTIGATION BY MEANS OF ELECTRICAL 
OSCILLATIONS. 

The following methods work with a single system of 
apparatus and depend upon the influence exerted on the 
apparatus by its immediate environment. The quarter- 
wave-length method therefore forms a connecting link 
between the methods in which the course of electrical 
waves is followed between two stations and those which 
involve observations of the influence exerted by the en- 
vironment upon the oscillations of a single system. 

a. Capacity and Damping Method. 

The wave-length, \, of an oscillating system, e. g., of 
an antenna, is determined by the latter’s self-induc- 
tion, L, and capacity, ©, according to the relation 
The surroundings of the antenna have no 
influence on the self-induction, which therefore need not 
be considered further. On the other hand, the capacity 
of an antenna is strongly affected when the lines of 
force running from the positive to the negative end of 
the antenna pass through some medium other than air. 
Hach substance possesses its own dielectric constant— 
a number analogous to specific gravity—which shows 
how many times the capacity of an electrical system is 
increased when operating in the substance in question 


instead of in air, the dielectric constant of which js 
unity. 

The use of this principle of various dielectric cop. 
stants in different substances seems quite pertinent 
when we learn that water has a constant of 81, while 
most rocks have constants varying between 4 and 12 
We may therefore assume that the presence of a water. 
bearing seam will make itself felt through an increage 
iu the capacity of the antenna, even at considerable dis. 
tances. That even the slightest differences in the 
dielectric constants of various rocks occurring in potash 
mines cause differences in the capacity of oscillating 
systems has been determined through the detailed inves. 
tigations of Dr. Erich Mayer and myself. 

‘A great advantage of this method consists in the faet 
that substances having different dielectric constants 
affect not only the wave-length but also the damping of 
the oscillations in different degrees. In conductive sub 
stances energy is used up in the production of vurtical 
currents, and to these substances belong, as we have 
said, water and salt solutions. Non-conductive sub 
stances of high dielectric constant virtually affec' only 
the capacity of the system. Hence, this method should 
permit not only the discovery of the presence of sub- 
stances of different dielectric constant, but also at 
least a qualitative identification. Thus we have the 
basis of a method which can be applied, first of all, in 
mining and shaft-sinking, to the task of determining 
whether there is danger of an irruption of waiter o 
salt solutions. 

b. Examination of Frozen Shafts. 

Water-bearing and unstable soils are now, with in 
creasing success, frozen in connection with shaft-sink- 
ing, in order to preduce a cylinder of resistant material 
within which the sinking of the shaft can proceed with- 
out danger. That this operation has not always been 
successful is due to the fact that it has hitherto been 
difficult to determine whether the frozen layer w:is suf- 
ficiently solid at all points. The efforts to remedy this 
difficulty have been limited practically to the construe- 
tion of more or less trustworthy sounding-devices for 
testing the behavior of the various freezing-pipes. From 
the behavior of any two successive pipes, and with the 
aid of the data deduced from past experience, it is 
decided whether the amount of cold applied is sufficient 
to freeze the section of ground between the pipes, or 
whether a supplementary freezing-pipe ought to be in- 
stalled between them. Moreover, in order to freeze with 
tolerable certainty any strata containing salt solutions, 
which have led to many breaks and accidents, very 
low temperatures are used. In spite of all improve 
ments, the fact remains that there has heretofore been 
no means of promptly detecting the presence of dis 
turbing factors within the earth. Here again the aid 
of electrical oscillations may be invoked. Unfrozen 
water-bearing or solution-bearing seams lose their elec- 
trical conductivity in proportion as the water they con- 
tain is changed to ice. Hence, the iron freezing-tubes 
must be used as antenne and made to give rise to elec 
trical oscillations, which will be effected by the imme 
diate environment in the same manner as in the capac 
ity method. Experiments on a small scale confirmed 
the utility of this process; ice was found to be trans 
parent to electrical waves. The conductivity of water 
containing a small admixture of salts was reduced to 


about — _ of its original value by cooling from room 


temperatures to 10 degrees below zero Centigrade. 

Meanwhile it remained to be determined whether 
these assumptions would be as perfectly realized in an 
actual shaft-freezing operation, with-its envelope of 
frozen soil, as in experiments on a small scale. We 
had no difficulty in transferring our laboratory expeti- 
ments to the practical conditions of such an undertak 
ing. My collaborator, Dr. Mayer, and myself were able 
within a few minutes to excite oscillations of a previ 
ously determined wave-length in any freezing-tube we 
happened to select, at an installation between Riéssing 
and Barnten where the necessary facilities were kindly 
placed at our disposal by the “Tiefbau- und Kilteindu* 
trie A.-G.” of Nordhausen (formerly Gebhardt & Koe 
nig). The last preliminary condition of the proposed 
method was thus fulfilled; the frozen envelope of the 
shaft gave an effect exactly analogous to that produced 
under artificial conditions in the laboratory. 

Our request for permission to continue our expert 
ments at the Gilten shaft was cheerfully complied with 
by the “Deutsche Schachtbau-Aktiengeselischaft” of 
Nordhausen. With funds raised on the strength of ov 
success at Réssing-Barnten, we only succeeded in test 
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ing the frozen wall of the shaft so far as to discover, 
at the outset, the presence of an unbroken layer near 
the surface, which hindered the peneration of the elec- 
trical waves to the lower end of the freezing-tubes. 
This layer, according to our measurements, lay at a 
depth of barely 2 meters. Subsequent investigation 
showed that a thin layer of the freezing-mixture lay 
upon the cement block in which the drive-pipes were 
installed, and this had not frozen.* 

Had not the shaft been, for the most part, already 
lined with iron, we should have been able to apply suc- 
cessfully here a method which we have applied, with 
good results, in a Hanoverian potash mine, where we 
had to work through a much more strongly conductive 
layer than the one above mentioned. However, both 
here and also a few weeks later in a shaft-freezing in- 
stallation kindly placed at our disposal at Heerlen, Hol- 
jand, by the “Deutscher Kaiser” Mining Company, we 
had to content ourselves with the positive result of 
having been able to detect not only the presence but 
also the depth of an unfrozen seam, which lay even 
deeper at Heerlen than in the case just referred to. 

Keeognizing the fact that we must, for the future, 
generally expect such layers of disturbance near the 
earth’s surface, and a more or less extensive iron lining 
in the shaft, I endeavored to devise another method in 
which the investigation of the freezing wall of the shaft 
would be entirely unaffected by such obstacles. The 
ample equipment of our physical laboratory greatly 
facilitated this undertaking. Setting out from certain 
very definite experimental conditions, my colleagues, 
Drs. Mayer and Kréncke, and myself succeeded in ex- 
citing electrical oscillations in two bare wires buried in 
wet earth—representing a freezing-tube system on a 
small scale—and in determining the constants which 
furiish information as to the separation of the tubes 
and the location of unfrozen places in the frozen wall. 
After experimenting under a variety of conditions we 


came to the conclusion that the presence of a conduc- 
tive layer under the sill of the superstructure, due to 
the often practically unavoidable spilling of the freez- 
ing solution in filling the tubes, and also the existence 
of an iron lining (“tubbing”) in however advanced a 
stage of construction, need not interfere with the ex- 
amination of the frozen earth; indeed, the iron lining 
can be turned to good advantage in connection with this 
procees. 

c. Investigations in Connection with the Cementation 

Process. 

The use in shaft-sinking of the cementation process, 
in which crevasses in the wall of the shaft are closed 
by forcing cement into them, has steadily gained ad- 
herents notwithstanding numerous failures. Unques- 
tionably this process has its advantages in many cases, 
especially when water needs to be kept out in compara- 
tively small areas at great depths. While in the freez- 
ing process it is possible to form a tolerable idea, 
through various modes of observation, of the successful 
progress of the work, in the cementation process the 
measurement of the water flowing into the drill-holes, 
or of the amount of cement forced out by the water, 
furnishes the only method of testing the solidification 
of the dangerous crevassed strata. The strong outward 
resemblance of the cementation to the freezing process 
led me to consider the applicability to the former of the 
electrical method of testing for water. The method 
used in the freezing process could not be applied with- 
out modification, since in this case it was not a ques- 
tion of insulating the drill-holes from water-bearing 
seams. However, preliminary experiments at Gottingen 
and also in an actual shaft where cementation was in 
progress showed that the waves from a highly isolated 
antenna can penetrate so deep in the earth that from 
the reaction of the earth upon the antenna it is possible 
to gain a knowledge of the presence of water in crev- 
assed strata. An advantage offered by the electrical 


test consists in the fact that the antenna is not essen- 
tially affected by thin newly-formed layers which 
diminish the flow of water, take up little cement, and 
thus give a deceitful effect of solidity, but which, with 
further sinking of the shaft, do not offer sufficient 
resistance to the pressure, and thus may ruin the shaft. 
So long as the water is not effectually held back by the 
cement, so as to furnish the conditions necessary for 
forming a cement wall strong enough to withstand the 
very heavy pressures to which it may, under some cir- 
cumstances, be subjected, the danger of a break may 
still be detected by our instruments, even in cases 
where the almost complete cessation of flow would, ac- 
cording to previous experience, apparently justify the 
further sinking of the shaft. 
CONCLUSION, 

The foregoing remarks will, it is hoped, help to give 
the reader some idea of the principles underlying the 
various methods of investigating the interior of the 
earth by means of electrical waves and oscillations, and 
to stimulate his interest in the practical results thus 
far attained. These results will be discussed in another 
article. 

{In addition to the article in Kali mentioned above, 
several accounts of the methods of investigation de- 
seribed in the foregoing memoir have been published by 
Ibr. Leimbach and his collaborators in German and Aus- 
trian scientific journals, the more important being: 

H. Liéwy and G. Leimbach, “Eine Elektrodynamische 
Methode zur Erforschung des Erdinnern (Erste Mit- 
teilung),” Physikalische Zeitschrift, 11, 1910, p. 697 ffe. 
Ibid. (Zweite Mitteilung), Oesterreichische Zeitschrift 
fiir Berg- und Hiittenwesen, 60, 1912, p. 627 ffg. and p. 
640 ffz. 

H. Léwy, “Systematische Erforschung des Erdinnern 
mittels elektrischer Wellen,” Zeitschrift fiir praktische 
Geologie, 19, 1911, p. 297 ffg.—Editor of Screntiric 
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German System and Method’ 
The Effect of the War on Her Industries 


‘Tug significance of the two words “system” and 
“method,” and of all that these words connote, has been 
demonstrated to the full in the present war by the Ger- 
mans, who, with much pride and satisfaction, make 
innumerable references to them in the press, in public 
meetings, and in private conversation. We all know 
tha: Germany, in every conceivable field, has carried 
her principle of systematizing to a length and degree of 
perfection unapproached and, perhaps, even hardly at- 
tempted in other countries, and however difficult her 
position may be at the present day and in the future, 
it would have been infinitely worse had she not had her 
system of systems to fall back upon. Its immense ma- 
chinery was at once put in action, and the Germans 
caim for it that, when put to the tremendous test set 
it by the war, it has done all that could possibly have 
been expected from it. 

At the recent general meeting of the Allgemeine Elek- 
tricitats Gesellschaft a statement was made that “the 
first task for the German industry, which through the 
war had experienced an unprecedented ‘narrowing in,’ 
was that of standing on its legs. To do this, a trans- 
formation of the entire industry was to some extent 
necessary. Although it certainly was by no means a 
simple matter for a country with many imports sud- 
denly to get substitutes, the necessary transformation 
or alteration within the whole industry has been com- 
pleted with admirable ease.” Commenting upon these 
remarks, & writer in a Berlin journal says this only con- 
firms what every day and every hour they see and hear 
and read. There is hardly an industrial report which 
does not bear out that, after the shock, work has been 
resumed with 40, 50, or 70 per cent of the usual staff, 
and that part of the work, directly or indirectly, has 
been devoted to war purposes. A factory for incandes- 
cent lamps all at once took up the manufacture of cart- 
ridges; machine works made “Gullasch-cannons”; a 
maker of artificial flowers went in for bread-bags, a 
bijouterie concern for knapsacks; a hotel kitchen was 
turned into a jam factory. It only took a couple of 
Weeks, and the necessary plant was available. Hands 
Were trained, and energetic merchants looked to the 
supply of raw materials, or where the usual ones were 
tmobtainable, of substitutes, and to means to bring pro- 
ducer and buyer in contact, though often by a round- 
about way. The system has worked admirably, and at 
a time when people were compelled to work with the 
utmost economy it has managed to call forth from the 
darkest and narrowest corners raw materials, to secure 
that nothing was wasted, and that no possibly acces- 
sible foreign source of supply was neglected. The fact 


* From Engineering. 


that a number of earnest and financially strong business 
men were compelled to apply themselves to opportun- 
istic dealings has also helped to augment the excep- 
tional work done in this connection. 

In examining into the reasons why German industry 
has escaped being brought to a standstill by the war in 
nearly every one of its more important sections and, 
after a short reorganization and with partly altered ob- 
jects in view, has worked on with an imposing certainty 
and without any suspicion of nervousness, it becomes 
clear that the most potent factor is that the German 
army quickly succeeded in carrying the war into for- 
eign countries. In addition to this, the industrial and 
financial authorities succeeded, by wise measures, in 
establishing confidence in the power of resistance of the 
German industrial organization, which, in its turn, 
rested upon the German military successes. The causes 
of the uniform continuity in German industrial growth, 
however, in the last instance are to be found in the fact 
that German development, more than that of any other 
country, has grown systematically, and shows no gaps 
of any moment in the manufacturing processes. With 
regard to certain raw materials which the German soil 
does not produce, or, in any case, not in sufficient quan- 
tities, Germany will also in the future have to depend 
upon foreign countries, even if the efforts of its scien- 
tifically working industry are systematically centered 
upon replacing artificially the natural raw materials 
which Germany lacks. In this connection mention is 
made of the successful attempts at producing artificial 
nitrogenous manure instead of Chile nitrates, at produc- 
ing home-manufactured benzol in place of foreign ben- 
zine, and of the not yet quite successful attempts at 
producing artificial leather and rubber. 

Still more important than the raw-material question 
for the maintenance of the collective German industry 
under the present conditions is the fact that no indis- 
pensable intermediate link is missing in the large proc- 
esses of production. Germany produces herself all her 
half-finished goods, and she utilizes the residuary prod- 
ucts of her industrial processes for the manufacture of 
valuable auxiliary commodities with such financial re- 
sults that no other industrial nation in the world even 
approaches her in this respect. What these auxiliary 
products mean to Germany at present is more especially 
demonstrated by sulphate of ammonia and benzol. How 
much the want of important links in production can 
harm a country in her industrial processes is demon- 
strated In England, where the inadequate development 
of many auxiliary and vital industries has almost crip- 
pled some of the country’s chief lines of manufacture. 
Thus, the stoppage of the German dyestuff import, 


which, in money, only represents about a million ster 
ling, threatens the English textile industry, the English 
wall-paper industry, and many other branches, with a 
turn-over of many millions. In the same way the ab- 
sence of cheap German half-finished goods has deprived 
the English iron industry of an important intermediate 
link. Further, the .stoppage of mining timber has 
gravely inconvenienced the collieries. 

Industrially, the long established and growing British 
principle of producing entirely finished goods, and im- 
porting the raw and intermediate products of great 
industries, has proved inferior to the German method in 
time of war. This latter aims at a complete organiza- 
tion of an entire manufacturing process in comprehen- 
sive works, which, separately or together, cover the 
entire series of operations needed. The industrial ex- 
pansion of Germany, although it is much younger than 
that of England, has been laid cut on more systematic 
lines, and in such a way as to render the country more 
independent of foreign aid. Under the difficult and 
strenuous conditions of war it has demonstrated the 
extreme value of system and method, and the advan- 
tages which they confer on a nation when it is cut off 
from the lands from which it draws its raw materials. 


The Government to Certify Timepieces 

Tue test and certification of watches, chronometers. 
and other timepieces has been carried on for many years 
at the Kew Observatory in England, at the Besancon 
Observatory in France, and at the observatories of 
Geneva and Neuchatel in Switzerland, but no such tests 
have been made for the public in this country, except 
for a few years at Yale University many years ago. 
This line of work is now started at the Bureau of 
Standards, and Circular No. 51, entitled “Measurement 
of Time and Tests of Timepieces,” has just been issued 
giving the regulations under which the tests will be 
made, the methods employed, together with sections on 
the use and care of watches, and on standard time and 
the sources of reliable time standards with which one 
may make frequent comparisons of his watch. This 
first edition of the circular announces the regulations 
for the test and certification of watches only; the test 
of other timepieces will be taken up later. It is ex- 
pected that the tests will be especially valuable in cases 
where watches are to be used for scientific purposes 
or exploration, and also to purchasers of high grade 
watches in giving them assurance that the watch is rea- 
sonably adjusted and in good condition at the time of 
the test. Copies of the circular and also of the appli 
cation blank may be obtained upon request from the 
Bureau of Standards, Washington, D. C. 
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The Hydraulic Mining Cartridge’ 


A Mechanical Device for Use Where Explosives Are Impossible 


Tue difficulty of removing rock and other material, 
in places where the shock attendant upon blasting opera- 
tions would be damaging and dangerous to surrounding 
strata or foundations, is one which has not hitherto been 
thoroughly overcome. 

The enormous initial power generated by the sudden 
decomposition of explosive substances has enabled great 
quantities of natural or artificial beds to be displaced, 
and a great portion of the work of the civil and me- 
chanical engineer is involved either directly or indirectly 
in operations of this kind. The objection to the use of 
explosives, however, in many circumstances, is that the 
effect of blasting can seldom be harnessed or controlled 
so as to prevent the disintegration of the material be- 
yond the area which it is desired to dislodge. In the case 
of many metalliferous mines, and sometimes of quarries, 
this is not a great drawback as it may not only be unneces- 
sary to limit the operation of the “‘shot,”’ but it may be 
actually desired to have the material in a pulverized 
condition. Even in this case, however, it should be 
remembered that this is not an economical means of 


Fig. 3.—Operating the hydraulic cartridge in a 
coal mine. 


obtaining such a result, for pulverization by explosives 
involves enormous waste of power as it usually represents 
great excess of explosive charge; in other words, the use 
of explosives must involve either the risk of accident 
through an insuffient charge or the production of mis- 
applied energy. 

It is for the purpose of avoiding these drawbacks and 
in order especially to take greater advantage of natural 
lines of cleavage or of bedding in the material to be dis- 
lodged that efforts have from time to time been made to 
provide what may be termed more rational or scientific 
means in the shape of mechanical substitutes for blasting. 

The simplest form of mechanical means for breaking 
ground is, of course, the wedge, and this is used in vary- 
ing lengths and shapes, in metalliferous and in coal min- 
ing, in all parts of the world. Various improvements 
on the simple wedge have been used at various times, 
viz., the stub and feather and the multiple wedge. The 
former consists of a steel ‘‘stub’’ or wedge driven in be- 
tween two tapered liners of steel called “feathers” which 
have their thin end near the front of the hole. The 
multiple wedge is placed in a hole previously drilled and 
has liners also, but a pair of “feathers” may be inserted 
between them, driven up as far as possible, and then a 
second or a third “feather’’ may be used until the rock 
or coal is broken down. In coal mines, special efforts 
have been made to devise mechanical wedges capable 
of breaking down coal, notably those invented by Bidder, 
Burnett, Shreeve and Hall, and these have been used to 
a greater or less extent ina few mines. In some of these 
the wedge was driven in by means of a screw and handle, 
like a hand drilling machine, and in one case by hydraulic 
power. 

These machines are not now in use and it may be taken 
that they have proved to be impracticable. This is no 
doubt due to the great pressure put upon them, even 
under favorable conditions, and the difficulty of devising 
and supplying a hydraulic pump capable of working at 
high pressure for a considerable time. It must also be 
remembered that a mechanical wedge must perform 
more work than that required to wrest the rock or coal 
from its position, as a certain amount of power is con- 
sumed in overcoming the friction of the sides of the wedge 
as it is driven up. Again, it is a disadvantage to have 
the material at the front of the hole breaking away as 
the wedge enters—the full weight of the falling material 
should, if possible, be utilized to assist the operation. 
With this object in view, machines have been designed 
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to operate at the back of the hole first, the wedge being 
drawn towards and not driven from the front. Except 
in the case of the simpler forms it may be said that no 
mechanical wedges are now being used with success for 
excavating purposes of any kind. 

The Hydraulic Mining Cartridge.—The hydraulic min- 
ing cartridge differs from all other mechanical substitutes 
for blasting. It is not worked on the principle of the 
wedge, and consequently the power expended in forcing 
a wedge into the hole is saved. Instead of employing 
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Fig. 1.—Sectional elevation of the hydraulic 
mining cartridge. 


a wedge, the disrupting effect is obtained by means of a 
number of small rams or presses working at right angles 
from a strong cylinder of steel. (Fig. 1.) In order to 
make these rams more effective in their operation, by 
obtaining a greater travel from their original position, 
they are made of a duplex or telescopic form, one part 
sliding and fitting upon the other (Fig. 2). In some 
cartridges these pistons operate from each side of the 
cylinder alternately, thus greatly increasing the travel. 
To retain the rams in position, a sliding plate is used 
fitting in grooves in the barrel (b Fig. 1); this is so formed 
and secured that it is perfectly rigid and firm when the 
machine is in operation, but is readily removable if it 
is desired to detach or replace any of the rams. By a 
suitable arrangement of passages (c Fig. 1) a communi- 
cation is made between each of the rams, whereby simul- 
taneous action is obtained. Machines are made of 
various diameters, viz., 2% inches, 3% inches, and 4 
inches, and of various lengths, say with 8, 6 or 5 rams, the 
smaller diameters having the larger number of rams. 
Pressures of 3, 4, or 5 tons per square inch are usual, 
so that machines are made to withstand great stresses. 
The Pump.—The cartridge is operated by means of a 
pump (Fig. 1) to which it is directly connected by a pipe 
(d). The pump is of special design. At the commence- 
ment of the supply of water it is desirable that the 
latter should be supplied in such quantities as to fill up 
quickly all the spaces within the rams and passages, 
while at the same time allowing the operator, when the 
rams begin to move and the pressure to increase, to 
supply a less quantity of water, but at a greater pressure, 
to complete the final operations of the rams. This is 


done by having the piston (e) operated by the piston 
rod (f) which passes through a supplementary or holloy 
rod (g) and has an appropriate handle for operating the 
piston within the pump cylinder. By these means the 
piston may be quickly reciprocated by the user moving 
the small handle until the desired quantity of water has 
been supplied or until the pressure to be exerted over the 
rod (f) is beyond the power of the user, when the sup- 
plementary rod (g) may be brought into use to finish the 
operation, this advancing by screw motion, and great 
pressure being obtainable in this way. 

Method of Working.—After the rock or coal has been 
prepared with one or more loose sides and the drill hole 
of 3 inches, 314 inches, or 414 inches, has been drilled 
to a suitable depth (say three or more feet), the cartridge 
is pushed in with liners if necessary. The water tank is 
filled and hung on the pipe, the rubber suction pipe 
coupled, and the taps turned. The small handle and 
then the large one are operated as already described. 
The pressure being fully on, the enormous power of the ap- 
paratus is soon apparent, for the rock or coal is heard to 


Fig. 4.—Effect of hydraulic cartridge on rock in 
mines. 


be rumbling and cracking. This is allowed to continue 
until the breaks are of such a size that the mass can be 
pushed or pulled over and usually is in such condition 
as to be easily and safely handled. 

Line of least resistance.—It is easy to understand that 
when a shot is fired in rock or concrete, the direction of 
the breakage will be chiefly in the line of the weakest 
part. Ifthe material is of uniform strength this direction 
would be a straight line from the explosive to the nearest 
unsupported edge. But stratified beds, seams of coal, 
and walls of stone or brick, are not usually of uniform 
strength; rock and coal beds contain breaks, cleats, and 
faces, while concrete beds are invariably irregular in 
constitution or structure. It follows, therefore, that tlie 
line of least resistance is not necessarily the shortest line 
from the charge to the surface. The difficulty and dan- 
ger of explosive firing is that whatever this line may be, 
it is not often possible to make use of it; the pressure 
generated, though not equally effective, is equally ap- 
plied in all directions owing to the instantaneous charac- 
ter of the decomposition. This involves high tempera- 
ture in the explosive gases, a large portion of the heat 
being absorbed and wasted in the portions which are not 
capable of being blown down. When mechanical means 
are employed the time involved in the operation allows 
the whole of the power to be exerted and applied in the 
desired direction without waste of heat energy. Not 
only is power lost in heat energy in the case of explosive 
compounds, but the result often proves that there has 
been counter action whereby the rock displacement is 
reduced through one line of force operating against an- 
other, closing in or reducing the area of broken ground. 

In practice it is found possible so to arrange the hy- 
drauliec cartridge holes as to enable much greater areas of 
material to be moved than could be done with a safe 
quantity of explosive, while in some cases the displace 
ment has been greatly extended by the use of small- 
sized bore holes toward which the slowly developing 
line of least resistance can assert itself. In other words 
the power exerted by the rams can be controlled, after 
a little experience, so that the full pressure can be use 
fully applied. 

Use in Mines.—The appliance was originally intro 
duced into mines in order to supply the acknowledged 
need of a different method for bringing down coal i 
mines in the best possible condition after it had been ul 
dereut by hand or machine. The use of high explosives 
for this purpose, apart from the element of danger, bas 
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always been considered undesirable by mining experts, 
because in using them coal is shattered and wasted and 
dust made. Now that coal has to be won from greater 
depth than formerly, and the distances and areas under- 
ground inerease, the dangers and extent of explosion 
have proportionately increased, as many recent colliery 
disasters have shown. The mines in which the cart- 
ridge has been chiefly adopted may be divided iato two 
classes: 

(a) Where the coal is so friable as to render the use of 
explosives impossible for commercial reasons. 

(b) Where the condition of the mines in regard to gas, 
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Fic. 5.—Trencu Excavation. 
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Fig. 6.—Trench excavation. 


ete., renders shot firing an exceedingly dangerous pro- 
ceeding. 

Of course the question of cost enters very largely into 
the matter. As is usually the case when a new appliance 
is introduced, its qualities are quickly estimated from the 
effects upon the working expenses. At a later stage it 
will be seen that its effect upon the working cost is slight, 
while its general advantageous effect upon the selling 
price of the coal is quite striking. During the past ten 
years the appliance has been employed in mines in Great 
Britain, the United States, Russia, Japan, Germany 
and Austria. 

In removing coal a series of holes is drilled in the top 
of the seam, adjoining and running parallel with the roof. 
These holes are at intervals determined by working con- 
ditions, usually from 6 feet to 10 feet apart and from 3 
feet to 5 feet deep. The operator begins at the first hole 
and pumps off each in succession, usually leaving the 
supporting sprags to be removed by the collier, who fills 
the coal thus broken and prepares the coal behind for 
a repetition of this process. One operator can pump 
from 30 to 40 shots per working shift of eight hours, 
using only one machine, which lasts with repairs from 
three to four years. This procedure is adopted where a 
large wall of coal has been opened out, and where the 
coal is got in pillars and headings the process is some- 
what modified. The coal across the face of the heading 
in undereut (almost universally now by a percussive 
machine operating from a fixed standard) and a vertical 
slot or “shearing” is cut up the center of the coal, thus 
Providing a loose end. One hole on each side of the 
“shear” is then sufficient to bring down the coal. The 
holes are placed as near as practicable to the fast side 
in order to bring the coal down as near the “‘fast-corner” 
as possible. (Figs. 3 and 4 show the cartridge in use 
in mines.) 


Among the mines in which these machines are at 
present in use are the following: 

Colliery No. 1.—At this colliery an average of over 
1,000 explosive shots per week were formerly fired in coal 
in the various mines. By the introduction of the hy- 
draulic cartridge the whole of the explosive shots have 
been discarded and there is not now a single shot in coal 
in any seam. In one seam alone a total of 28,500 hy- 
draulic cartridge thrusts were made in one year, by which 
it is estimated that 92,626 tons of coal were produced, 
or about 3% tons per thrust. The seam was 3 feet thick 
and four cartridges were in daily use. 

Colliery No. 2.—In a seam using five hydraulic cart- 
ridges 450 tons of coal are produced per day, of which 75 
per cent is large coal and 25 per cent small. When the 
coal in this seam was brought down by explosives the 
percentage of large coal was 65 per cent and the per- 
centage of small was 35 per cent. The average price 
of large coal was 13s., and of small coal 7s. per ton. 
The profit obtained by the use of the cartridges on this 
seam on 450 tons is therefore £14 5s per day. Fifteen 
machines are employed at this colliery, making a total 
advantage over explosives of £42 15s. per day. More- 
over, an extra 6d. per ton is obtained for the coal brought 
down with hydraulic cartridges, on account of its greater 
hardness and freedom from dust. 

Use in Reservoirs, Docks, Harbors and Canals.—The 
operations in these places have all certain features in 
common which allow of their being classed together, 
and they may be divided into three classes. 

(a) In open Trenches.—The difficulty of removing 
rock from confined spaces where it is necessary that no 
shock or vibration should be transmitted to surrounding 
strata is a very vital one. The introduction of the 
hydraulic cartridge into this class of work will, it is hoped, 
help to solve this question. During the past few years 
it has been thoroughly tested under most varied condi- 
tions and in all classes of deposits. 

The work in trenches usually proceeds as follows: A 
number of holes are drilled (Fig. 5), say 2 feet 3 inches 
back from the edge of the rock, about 5 feet apart and 
3 feet to 5 feet deep, according to cireumstances. The 
holes are, when possible, bored by a power drill operating 
from a tripod. By these means suitable holes, of diam- 
eters up to about 5 inches, can be quickly drilled. The 
center hole is pumped first and provides a loose end for 
those on each side. These are pumped in turn until the 
fast side is reached, where it may be found advisable 
to drill a small 1-inch diameter hole, say 9 inches from the 
fast side, to enable the cartridge to break the rock as 
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Fig. 7.—Excavation of rock on the side of a canal. 


close to the fast side as possible. Sometimes this method 
is varied by pumping off two center holes simultaneously 
and placing the last holes 2 feet from the fast side, leaving 
out the small diameter holes. (Fig. 6.) In this case the 
holes could be 2 feet 6 inches from the front edge and two 
machines would be required. 

Taking a trench 15 feet in width and holes 3 feet in 
depth, the first method would necessitate three cartridges 
and two 1-inch holes to get 100 cubic feet of rock, while 
the second method would require only four cartridge 
holes to remove 112 cubic feet. During the operation 
of the machine it is possible to see the rock slowly fractur- 
ing at each turn of the handle. Work of this character 
has been done by the cartridge in connection with the 
Derwent Valley Water Works, and the Cwm Taff Reser- 
voir, Liverpool Corporation, and tests are now being 
made for the Abertillery Water Scheme. 

(b) Under Water.—The appliance has been used in 
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Fig. 8.—Concrete bed excavation. 


many cases under water, chiefly to remove rock, either 
from the sides of canals, or from the sides of harbors and 
docks, where it was obviously impossible to use explo- 
sives, the machine being operated from the bank or from 
pontoons. A typical case will serve to illustrate the 
suitability of the cartridge for this class of work. The 
rock to be removed was partly projecting from the side 
of the canal, and it was necessary not only to remove 
the mass in the water, but also that upon the bank, as 
shown in Fig. 7. 

The rock was New Red Sandstone and the depth to 
the bottom of the canal 18 feet. It was decided to re- 
move the mass the full depth at one operation. A series 
of holes was accordingly drilled 6 feet apart, 2 feet 4 
inches back from the edge, and 18 feet deep. These 
were pumped off in succession and the operation of the 
cartridge at this depth sufficed to break the rock right 
up to the bank in nearly every case. In one or two 
holes it was found necessary after operating in the bottom 
half to draw the machine up about 9 feet and operate 
again. During the operation divers were below water 
ascertaining the position and extent of the breaks and 
directing the operator above as to how to continue the 
thrusts. The portion shaded (Fig. 7) was removed by 
hand, and another series of holes was put down 10 feet 
deep, 6 feet apart, and 2 feet 4 inches from the edge, to 
break up that portion of the rock to be removed. 

In the Alexandra Docks at Newport, and in the new 
dock at Swansea, the appliance has been used to break 
up ledges of rock oceurring in the vicinity of walls which 
would have been damaged by the use of explosives. The 
holes were put in and the cartridges inserted under water 
by divers and pressure was applied from the pump placed 
on a raft on the water. 

(c) Dock or Harbor Walls.—Hydraulic machines have 
been used for some years at the Dover Harbor Works 
for the purpose of detaching the large concrete blocks 
used in the harbor walls. These blocks are of great size 
and weight. By inserting the drill hole along the bottom 
of the block and placing the cartridge about half-way 
under it, the whole mass is slightly lifted and tilted with- 
out breaking, and being thus released from its bed is 
easily lifted on to a wagon by a crane. Machines are 
being used for a similar purpose in other ddcks. 
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Fig. 9.—Concrete bed excavation. 


Excavation of Foundations.—The question of the re- 
moval of conerete foundation beds by a method which 
would not involve explosive blasts and would avoid the 
slightest damage to machinery or buildings has been 
carefully studied recently by the writer, and had never 
been thoroughly solved until extended trials in all parts 
of the British Isles had been made. 

The effect of powerful hydraulic pressure upon con- 
crete is interesting. In the case of sandstone and shales 
there is comparatively slight crushing of the rock before 
the full pressure of the rams has the effect of causing the 
mass to bend; considerable pumping and consequent 
travel of the rams is then necessary before the rock 
finally begins to crack and break away; with concrete, 
however, there is usually a perceptible interval during 
which the rams are crushing or compressing the ma- 
terial and no movement is noticeable; after this is ac- 
complished a few more thrusts of the rams cause the 
whole mass to break up without any indications of bend- 
ing. It may still be necessary to continue to apply 
pressure and to increase the size of the breaks in the mass, 
but the greatest shattering effect will have been ac- 
complished at the first disclosure of the cracks, the pres- 
sure required to break the mass afterwards gradually 
diminishing. 

In such material, explosives invariably have the effect 
of “hacking a way through” by the shortest direction 
to the unsupported edge (Fig. 8), pulverizing the mass 
but failing to take advantage of pressure gently applied, 
by means of breaks which spread and widen, and to 
utilize the weight of the concrete itself to increase the 
scope of the operation. Numerous experiments in this 
class of work show that 60 to 70 cubic feet of concrete 
can easily be removed per thrust. 

The general procedure in attacking beds of concrete 
may be divided thus: 

1. By vertical cartridge holes. 

2. By horizontal cartridge holes. 

1. By Vertical Cartridge Holes. (Fig. 8.)—This method 
is most applicable to places where power can be easily 
obtained to bore the holes by tripod and power drills. 
The cartridge holes are drilled about 3 feet deep and 2 
feet 9 inches back from the front edge of the bed. It has 
been found of great advantage to drill small diameter 
holes 3 feet away and in line, to which the fracture will 
break. In this way a bed 15 feet wide could be broken 
all across by two cartridges and two small diameter holes, 
amounting to 124 cubic feet of material. 

2. By Horizontal Cartridge Holes. (Fig. 9.)—In this 
case the holes would be 3 feet deep and made to lift 
3 feet of material per thrust, the vertical small diameter 
holes being put in as before. The amount of material 
moved per thrust is 67 cubic feet. The effect of lifting 
up is to break a larger quantity of material and in much 
larger pieces than is the case with vertical holes. With 
the latter the concrete is found to be very well broken 
up, and ready for handling without the further use of 
tools. Horizontal holes, on the other hand, are more 
suitable for beds where foundation bolts are embedded 
in the concrete. 

There appears to be no class of work so suitable for 
this machine as the removal of concrete beds. The 


following recent case is a typical example, Ata munici- 
pal electricity works the cartridge was used to remove 
the main engine room foundation bed. Within a radius 
of 40 yards from the scene of operations, many of them 
within the same building, were very valuable Lancashire 
and water tube boilers, electrical and steam engines and 
the main switch board and cables. Needless to say the 
work had to be carried out with as little vibration or 
shock as possible. Explosives were out of the question, 
and the ordinary method of hammer and wedge would 
have proved an extremely long, tedious, and expensive 
process. The bed consisted of a solid mass 14 feet 6 inches 
wide, 26 feet long, and 10 feet deep, composed of hard 
cement concrete for the most part, and reinforced with 
numerous foundation bolts. 

It was considered unnecessary to install power drills 
on the work and the holes in consequence were drilled 
by hand. The majority of these were horizontal and 
were put in by means of an ordinary twist drill and ratchet 
machine by two men. These men could drill fairly 
easily 3 feet per hour. One hydraulic cartridge only 
was employed. The general procedure was to keep the 
drillers at work putting in holes all round the side of 
the conerete, the machine following when two or more 
holes were ready. The holes were on an average 6 feet 
6 inches apart, and from 2 feet 6 inches to 3 feet below 
the surface in the case of horizontal holes. The vertical 
holes were drilled only in special places to trim down the 
vertical edge, and in these cases the measurements were 
about the same. The employment of shot holes to form 
a breaking point was considered unnecessary. (Fig. 10 
is a photograph of one of the horizontal shots.) 

The debris thus broken was removed by a gang of 
six men who were kept busily employed with pick and 
shovel, and wedges were necessary only to break up the 
larger pieces to a suitable size for handling. It was 
found that the amount of material broken up in the course 
of three or four shots was quite sufficient, in consequence 
of the limited and cramped working area, to keep the 
men busily employed for the rest of the day. Had it 
been possible to place more men on the bed, there is no 
reason why a much better output should not have been 
attained, but in this case it would have been necessary 
to break open the wall in several places, which was not 
considered advisable. The whole bed, weighing ap- 
proximately 200 tons of concrete, was removed in twenty 
working days. About sixty shots were necessary to com- 
plete the work, making an average of nearly 314 tons 
per thrust. 

The cost of the work was as follows: 

Labor per day, including opera- 
tor, drillers, navvies, and 


Amount of material removed— 
average 10 tons per day... .. 4 Q9per ton. 

The above cases will be sufficient to show that with 
a mechanical substitute for blasting capable of exerting 
a total pressure of 150 or 200 tons upon rock, coal, con- 
crete, masonry, etc., and in such manner as to cause no 
shock to the material in which it is operated, there 
should be possibilities of usefulness to engineers not 
previously contemplated. 

Replying to the discussion, the speaker said that one 
speaker had referred to the use of black powder for 
blasting salt rock. That was really in line with the use 
of the hydraulic machine, which operated slowly and 
gradually. The old-fashioned explosives had the very 
distinct advantage that, owing to the length of time 
required before the gases attained their full temperature 
and pressure, it was possible to get the power exerted 
in a moro effective way. He thought that if it were not 
for the element of danger associated with black powder, 
all users of explosives would agree that the old-fashioned 
slow-working explosives had always been most satis- 
factory. It was only carrying the principle a little 
further to apply it in the form of hydraulic power. 

With regard to Mr. Jenkins’ point, rotary drills had 
been used for making holes on many oceasions, and it 
had been found that the diamond drill was quite satis- 
factory when used as a hand machine. It was very 
necessary to have a regular and smooth hole, and the 
diamond drill gave such a hole much better than any 
percussive drill could possibly do. It appeared to him 
that it would also have the effect of greatly reducing 
the amount of dust that would be made in the drilling 
of the hole, and not only would there be a smaller quan- 
tity of dust made, but that dust would be of coarser 
texture. 

As to the driving of headings, he must say that in 
ordinary tunneling he had not been entirely successful, 
chiefly because of the difficulty of obtaining a suitable 
drill for putting holes in easily and quickly. It was not 
possible to blast from the solid. If the rock was to be 
broken with a loose end at all, it was necessary to be able 
to put in small holes readily and easily in various direc- 
tions. Having loosened one side, there was then no 
longer any difficulty. 

With regard to the limit of 150 to 200 tons, he men- 
tioned those amounts because they were-approximately 


those to which he had worked up to the present. By 
using the 3-inch machine he got, with full pressure on, 
about 120.tons. When using a 4inch machine he 
generally used.about five pistons instead of eight, and 
he got 170 or 180 up to 200 tons pressure with that 
particular size. There was no limit. It was possible 
to increase the pressure according to the length and size 


Fig. 10.—Hydraulic cartridge used in a bed of 


concrete. 


of the machine, but there would arise a liability for the 
cartridge to become bent. There was no bending of the 
cartridge if the sizes of the machines used were limited 
as at present, provided that a regular hole was obtained. 
If the hole was not regular and smooth there would 
be the risk of some damage being done to the machine. 
He did not mean to say that there was a danger of bend- 
ing the machine after the material had once been broken. 
When the back of the material was broken there was no 
danger to the cartridge. Very few machines had been 
bent or damaged in any way. That was probably due 
to limiting the length of the cartridge to 20 inches in 
the case of eight-piston machines and a few inches less 
in the case of a five-piston machine. 

With regard to varying the intensity of the pressure, 
he thought that that was hardly necessary so long as the 
hole was drilled sufficiently deep. He did not like to 
have the end of the cartridge anywhere near the end of 
the hole. It should be right in. As long as it was right 
in the hole there did not seem to be any advantage 
to be gained by varying the pressure. He got the cart- 
ridge right into the hole, and then it was not necessary 
to make any change. Usually the pistons were out an 
equal distance throughout the full length of the cart 
ridge, showing that the resistance had been the same 
throughout its length. 


The Flight of a Golf Ball 

Some interesting statements concerning the flight of 
a golf ball were made in a case heard by Mr. Justice 
Warrington in the Chancery Court. The validity of the 
patent granted to William Taylor for his golf ball was 
challenged by Messrs. A. W. Gamage, Ltd., who claimed 
the revocation of the patent owned by Charles Stuart 
Cox and A. G. Spalding & Bros., who made the golf ball 
under the name of the “Dimple.” In the specification 
of the patentee, he said his principal object was to ob- 
tain better results in the flight of the ball in the direc- 
tion of a sustained hanging flight, giving a flat trajec- 
tory, with a slight rising tendency toward the end of 
the flight. 

Prof. C. Vernon Boys said the form of the surface of 
the ball affected the flight very materially, and, from 
general experience, a smooth ball had been found not 
to be so good as one of which the surface had been 
roughed. The smooth ball had not an advantageous 
surface for getting a long travel. The character of 
marking which constituted Taylor’s invention was an 
inverted bramble pattern, and consisted of isolated cavi- 
ties, circular, evenly distributed, shallow, and their 
sides steep. Prof. Boys said he found by experiments 
that this form of surface gave an extremely satisfac- 
tory flight. The experiments consisted in driving the 
balls by means of a machine designed by himself and 
Mr. Taylor, and were carried out on Borstall Golf 
Course, on the road to Charnwood Forest. He did not 
find in the specifications of Willie Park and Fernie, on 
which Messrs. Gamage relied, Taylor’s form of cavities. 

In ecross-examination as to the typical golf ball’s 
flight, witness said the ball more than counteracted the 
action of gravity. His Lordship: The golf ball does 
not make a parabola? Prof. Boys: Not in the slightest 
degree; a good flight is very nearly straight for a long 
time, and then gradually rising and then falling. lis 
Lordship, giving judgment, said that the main feature 
of the descriptive part of Taylor’s specification was its 
vagueness. He held that the patent failed, and that 
there must be an order for its revocation. A stay was 
Pending an appeal—From the English Me 
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Snow Removal’ 


Report of the Conference Held in Philadelphia, April, 1914 


Barty in March, 1914, Mr. Morris L. Cooke, Director 
of the Department of Public Works, Philadelphia, 
wrote to a number of the leading eastern cities sug- 
gesting the needs of a conference on the subject of 
snow removal and pointed out, that in view of the very 
apparent lack of engineering methods generally em- 
ployed in a problem which so clearly calls for engineer- 
ing study, it might be profitable if those in charge of 
the matter of snow removal in the larger cities could be 
brought together, and that at least an approximation of 
a definite policy of snow removal might result from such 
a meeting. The suggestion met with such favor that a 
snow removal conference was held in Philadelphia on 
April 16 and 17, 1914. 

A Committee on Resolutions, J. W. Paxton, chair- 
man, Was appointed to submit a report, which would 
be the result of papers, discussions and recommenda- 
tions made at this conference, and the committee makes 
the following report: 

The problem of snow removal must obviously be con- 
sidered differently in different cities as its solution is 
dependent upon such variable elements as climate, popu- 
lation, width of streets, density and character of traffic, 
location of sewer systems, available disposal places and 
other local conditions, to say nothing of the financial 
policy of the municipality. 

It would seem impossible to formulate anything but 
the most general suggestions, and yet it is found that 
even so vital a matter as the financial policy does not 
affect the main problem, except in the extent of the work. 

The work of snow removal is generally done by con- 
tract under the supervision of city officials, payment 
being made according to the quantity removed as tallied 
by wagons hauling to the disposal dumps, the forces 
and equipment consisting of men with shovels, horses 
and wagons. In some cities, scrapers and plows are 
used to push the snow to the side of the street, relieving 
traffic and making it easy to pile, or to load without 
piling. 

Salt is generally and very extensively used for the 
removal of snow in Liverpool, London, Paris and other 
European cities. The very general practice is to broad- 
cast coarse salt on the streets during and immediately 
after a snow storm, and when the snow has been re- 
duced to slush by the action of the salt, the streets are 
flushed with water and the slush washed down the 
sewers; but in those cities they do not have very heavy 
snows and it is doubtful whether it would be practicable 
here where we have a much greater depth of snow. There 
is also a very serious objection to the use of salt by the 
Societies for Prevention of Cruelty to Animals and in 
some of the cities it is prohibited by ordinance. It is 
questionable whether the use of salt has been given a 
fair trial in this country for the removal of snow and 
there is little doubt but that it would be useful in light 
snow storms. 

Much thought has been given to the design of appa- 
ratus for melting snow, and also, to special machinery 
for scraping, loading and transporting. Inventors, de- 
signers and manufacturers should be encouraged to 
continue in the endeavor to produce equipment which 
will render practical and efficient service, but the amount 
of snow is so variable and the equipment is in use for 
such a short period of time that it is desirable it be de- 
signed to be useful for other work at different seasons 
of the year. 

The problem confronting the public officials is the 
removal of snow in the shortest time in such a manner 
a not to interfere with traffic, and at a minimum cost. 
Therefore, using the method of scraping, shoveling 
into trucks or carts and hauling to dumps, the length 
of haul becomes a most important factor and it can 
readily be seen that the utilization of sewer manholes 
« dumps, and the sewer system to carry the material 
to the rivers, is the most economical method which can 
be devised as it reduces both the haul and the handling 
aminimum. The authorities in charge of the sewer 
‘ystems have, as a general thing, apprehensions regard- 
ing the use of the sewer as a snow carrier. The Borough 
of Manhattan, New York, Bureau of Sewers, however, 
made experiments during the winter of 1914 which seem 
prove that, within certain limits, such apprehensions 
are ill-founded. 

Gas and chemical combinations in the sewers have 
little effeet on the rate of melting. Two cubie yards 
ber minute is the maximum rate at which snow can 
be shoveled into a 24-inch manhole. Tidal sewers can 
oly be used to advantage when the tide is low, in 
Vhich case the factors of the ordinary sewer apply. 

Siphon sewers can be used as well as the ordinary type. 

Where difficulty is experienced with an insufficient 
* From the Journal of the Am. Society of Mechanical Engineers. 


flow in the sewers, or where the flow decreases or stops, 
the water plug may be opened in the drainage area 
of the sewer above the manhole in use, until the vol- 
ume of water is sufficient to carry off the snow, but 
it has been found that the most efficient use of water 
may be had where water jets are constructed in the 
manholes into which the snow is dumped. The problem 
of getting the material into the manholes in the least 
time with the least interference with traffic opens up a 
field for the consideration of a special form of manhole 
to be used satisfactorily for this purpose. Pittsburgh 
and St. Louis both use a special form of manhole. 

The committee gave further an account of the work 
of snow removal in the cities of Philadelphia, New 
York, Boston and Scranton, and also of the Public 
Service Railway of New Jersey, and the Pennsylvania 
Railroad Company, on which they base the following 
conclusions: 

Ist. The plan of organization and the system to be 
employed should be worked out in advance of the snow 
season. This preliminary work should involve: (a) a 
plan of co-operation among all branches of the municipal 
government; (b) the formation of a skeleton organization 
composed of all the available city forces, such as engi- 
neers, inspectors, time-keepers, laborers and teams; (¢) 
the division of the city into zones and the determination 
of a definite method of work for each zone. The various 
members of the organization should be assigned to these 
zones and the responsible officials familiarized with the 
duties expected of them. 

The character of work to be performed in the different 
zones may consist merely of the regulation of opening 
cross-walks and gutters and otherwise generally assisting 
pedestrian traffic and the run-off of the snow, or it may 
consist in the complete removal of the snow from the 
streets. Owing to the general increase in motor traffic 
and the concentration of business in definite office dis- 
tricts and to the general public demand for increased 
urban facilities, the present tendency is to increase the 
scope of the work involving the complete removal of 
snow from all main thoroughfares and business streets. 

2nd. Removal work should commence as soon as the 
snow has covered the pavements and the indications 
point to the storm continuing, and should be carried 
on continuously. This as a principle is successfully 
followed by street railways and by some cities. 

3rd. The carrying capacity of the sewer system 
should be utilized as far as possible. 

The use of the sewers which reduces both the haul 
and handling to a minimum involves two operations: 
namely, getting the material to the catch basins or man- 
holes, and then putting the material into the sewers. 
The first operation can best be done by loading into 
wagons or trucks and hauling to suitable manholes or by 
the use of scrapers or graders. The problem of getting 
the material into the manholes in the least time and with 
the least interference with traffic opens up a field for 
consideration of the question of special forms and special 
locations of manholes designed to be used solely for this 
purpose. 

The method of flushing the snow with fire hose into 
eatch basins may have a limited application but it is 
too unreliable to have any general value as it depends on 
weather conditions. 

4th. When practicable, where there is only a small 
area to be cleaned, the work should be performed directly 
by the municipality by day labor. This method of 
operation is the most flexible and the most easily ad- 
ministered and it obviates the necessity of measure- 
ments and checking involved under the contract system. 
The work can also be performed by day labor in large 
areas by adopting the following method: The depart- 
ment to advertise and go out into the open market and 
hire teams to haul the snow for so much per yard; the 
price to be determined by the department and to repre- 
sent a fair estimate of the cost of the work and a fair 
profit. This, of course, would throw the work open to 
anyone owning one team, or a hundred or a thousand or 
more teams, depending upon the amount of work to be 
performed, and would not leave the department depen- 
dent upon any one or more contractors. In this method, 
as well as when the work must be performed by contract 
system, a method of measurement as simple and accurate 
as possible should be used. The practicability of having 
work done by the municipality will depend among other 
things on the immediate availability of an appropriation. 
It is essential for the proper conduct of the work whether 
by day labor or contract that appropriation for snow 
removal should be made in advance of necessity for the 
work. 

5th. Co-operation should be sought with the traction 
companies and use made of adjustable plows and sweepers 


to open roadways adjacent to street railway tracks at 
the time that the work of clearing the tracks is being 
earried on. 

6th. Effort should be made to obtain the co-opera- 
tion of the public and to instruct the householders in 
the method of the removal of snow from private premises 
in such a way as to least impede the city’s work. Where 
sidewalks are of greater width than would be necessary to 
handle the reduced volume of pedestrian traffic, which 
may be expected after a heavy snow, the snow instead 
of being entirely cleared from the sidewalk and piled 
in the roadway should be left on the sidewalk near the 
curb line to be later removed by the city when op- 
portunity presents itself. 

7th. The police force of the city should co-operate 
with the street cleaning force and the services of patrol- 
men as inspectors should be utilized as far as possible. 
The police in particular should give attention to the 
enforcement of regulation governing the removal of snow 
from the sidewalks or from a portion thereof. 

In a written discussion Mr. J. T. Fetherston! remarked 
that New York City has tried almost every method of 
contracting for snow work, from the area system to the 
direct haulage method on vehicle capacity basis. Divid- 
ing the city into relatively small districts, larger districts 
and boroughs has been tried, and it would appear that the 
responsibility and experience of the contractor were of 
greater importance than the area or district assignments. 
In other words, an experienced contrac tor, with the nu- 
cleus of the necessary snow removal equipment, as a rule 
is in better shape to remove snow rapidly and control 
sub-contractors than is the municipality. More im- 
portant still, he usually has sufficient control of funds to 
pay promptly all men employed. It would seem that 
experience, control of equipment and responsibility are 
the main factors to be considered, rather than the area 
basis, for the assignment of contracts. 

The statement of general principles contained in the 
committee’s report would be clarified if the work were 
separated into these divisions: (1) contract work, (2) 
street railway assignments, (3) municipal work. Neces- 
sarily under each head should be given the plan, and 
every reasonable contingency covered by the assignment 
of the most suitable means of snow removal adapted to 
particular areas, streets or districts of the city under 
consideration. All municipal departments should be 
called in to assist the street cleaning division by the 
assignment of officers for the supervision of contract 
work particularly, leaving the street cleaning department 
as free as possible to perform the work for which its own 
force is best fitted. 

As a general comment on the committee report, it is 
suggested that, if possible, engineers or street cleaning 
officials should receive from an authoritative source, 
such as the society, a summary of conclusions covering: 

(1) A statement as to what types of streets should be 
cleared of snow, and how far the municipality is justified 
in removing snow from minor thoroughfares at public 
expense. 

(2) A statement setting up the reasonable depth of 
snow for which a municipality should have equipment 
available, and in general the time limits within which 
streets should be cleared, so as to avoid economic loss. 
Coupled with this, a maximum depth of snowfall beyond 
which all citizens and transporting agencies should be 
required to place their services at the disposal of the 
municipality at cost. 

(3) A compilation of snow statistics for various parts 
of this country, and if possible a summary of attending 
weather conditions. 

Each city must work out its own salvation regarding 
snow removal and disposal methods. The problem is so 
complicated by uncertainty as to weather conditions 
that no particular method is best fitted for all cities and 
all conditions. 

E. D. Very,? in a written discussion, pointed out that 
an endeavor should be made to define the extent to which 
snow removal should be carried on in a municipality. 
This definition should not be made in units of mileage 
or of square yardage but rather in terms of necessity. 
In this regard the financial policy so affects the main 
problem as to deserve considerable study, as the extent 
to which the work shall be carried on depends largely 
upon the amount of money a municipality can afford 
to spend. This question must be answered before we 
may assume that the area to be cleaned has been de- 
cided upon and the appropriation of money must be 
predicated upon an understanding of the actual need in 
this regard. We should go further and discuss the 
manner in which funds for the work should be raised. 


1 Commissioner, Dept. of Street Cleaning, New York, 
* Sanitary Engr., New York 
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It is suggested that the tax for such purpose should 
be levied; a part by a general tax and a part by tax on 
property immediately benefited. Such a method would 
restrain the indiscriminate demand for unnecessary ser- 
vice for personal benefit. 

W. Goldsmith? called attention to a statement in the 
report where mention is made of enlarging manholes 
for the quick disposal of snow. In the Manhattan ex- 
periment it was shown that two cubic yards of snow per 
minute can be shoveled into a 24-inch manhole and that 
2,560 cubic yards were dumped into one sewer by means 
of three manholes in an &hour day. This seems to in- 
dicate that a 24-inch manhole is large enough. Besides, 
the effect of an enlarged manhole on the pavement must 
be considered, the majority of defects in street surfaces 
being due to manholes of one nature or another and it 
seems that the elimination rather than an increase of 
these enemies to pavements should be striven for. 

F. Kingsley pointed out the fact that the same old 
cart-and-horse methods for snow removal seem to be 
used that were adopted when the problem became 
serious some 20 years ago. It is interesting, however, 
to note the success of the snow-melting device on the 
Pennsylvania Railroad, because the melting of snow 
seems to be the most likely path along which improve- 
ment ean take place. 

The cost of fuel to melt snow is only some 15 per cent 
of cost of handling it under present methods. The basis 
for this is that a cubie yard of snow as removed weighs 
approximately 1,000 pounds and would require «bout 
200,000 British thermal units to reduce it to water, 
allowing a liberal margin over the latent heat of ice. 
Coal at $4 per ton provides about 67,000 British thermal 
units for one cent in a perfect furnace, or 27,000 British 
thermal units with 4G,per cent furnace efficiency. At 
the latter rate the fuel cost for melting would only be 
7% eents per cubie yard or 15 per cent of the present 
apparent cost of handling it. This does not include in- 
terest or labor charges but these ought not to be in- 
surmountable obstacles. 

The problem is peculiarly one that mechanical en- 
gineers should be able to solve. It appears to be largely 
a balancing of the cost of heating surface against interest 
charges, and 1 square foot of heating surface can transmit 
heat (as demonstrated by existing locomotive boilers) 
at an approximate rate of 20,000 British thermal units 
per square foot per hour. With less efficient but more 
rapid transmission, twice this rate does not seem im- 
On this basis, apparatus capable of melting 
100 cubie yards of snow an hour would require 500 
square feet of heating surface. Certainly there is noth- 
ing abnormal involved in the provision of heating sur- 
face in such amounts as this. 

One hundred cubie yards of compacted snow appears 
to be equivalent to about 450 cubic yards of snow as it 
falls, and in a 3-inch snowfall this amount would cover 
500 linear feet of street. The subject obviously seems 
to be one that is worth consideration by the various 
cities in the country. It would be interesting to see 
some thoroughgoing experiments along this line. 


possible. 


The Protection of Iron and Steel by Paint Films* 
By Norman A. Dubois 


Tur theories of corrosion of iron and steel which 
have received consideration and which still seem to 
have their defenders and opposers are interesting to 
note. The carbonic acid theory in brief requires the 
presence of carbonic acid to start corrosion. The perox- 
ide theory supposes that hydrogen peroxide is formed 
in the presence of moisture and oxygen, and that this 
hydrogen peroxide causes corrosion. The electrolytic 
theory assumes that iron passes into solution in water 
in the form of a ferrous ion before it can oxidize. A 
more or less complete discussion of these theories may 
be found in the various journals and other publications. 
It is not the purpose of this paper to discuss them. 

From the standpoint of the paint technologist the 
problem is that of finding the paint film which will 
enable him to protect the exposed surface of iron and 
steel from the various rusting influences for the longest 
possible time. The theories of corrosion and numerous 
discussions of them have been of inestimable value, and 
the proper interpretation of them has enabled the paint 
technologist to improve his paint film. Let us briefly 
eonsider these theories from the standpoint in question. 

The carbonic acid theory requires the presence of 
earbonic acid that corrosion may proceed. In other 
words, considering a paint film properly applied over 
the surface of iron and steel it requires that carbon 
dioxide shall pass through this film, and also that 
water, either as such or in the form of aqueous vapor, 
shall pass through the film, and there in conjunction 
with the carbon dioxide react as carbonic acid. The 

* Asst Die, Dept. of Public Works, New York City. 

* Reprinted from the Journal of Industrial and Engineering 
Chemistry. 


imperviousness of the paint film to carbon dioxide gas 
and to aqueous vapor, then, is the vital quality from 
the standpoint of this theory. The more impervious 
the paint film to the gases carbon dioxide and aqueous 
vapor, the longer it will protect the iron or steel from 
corrosion. 

The peroxide theory requires the formation of hydro- 
gen peroxide on the surface of the iron or steel. Con- 
sidering a paint film properly applied over the sur- 
face of iron or steel, therefore, this means that the less 
pervious the paint film is to the gases oxygen and 
aqueous vapor, the smaller will be the quantity of 
hydrogen peroxide formed on the surface of the iron 
or steel, and the longer it will protect the iron or steel 
from corrosion. 

The electrolytic theory requires that iron first pass 
into solution in water as ferrous ion, and that it is 
then acted upon by oxygen dissolved in the water or 
by carbon dioxide and water to form rust. Again con- 
sidering a paint film properly applied over iron or steel 
this theory requires the presence of water in which the 
iron may dissolve to form ferrous ions. Obviously, the 
only way the water can get to the iron or steel is to 
pass through the paint film, as such, or in the form of 
aqueous vapor. If we suppose the ferrous ions have 
been formed, the action can go no further in the absence 
of an oxidizing agent, presumably oxygen, which in 
turn must get through the paint film. The reasoning 
for the presence of other gases is similar. We find, 
therefore, that for corrosion to proceed according to 
the electrolytic theory the gases, aqueous vapor, oxygen, 
or others must pass through the paint film, and, as in 
the other cases, the more impervious the paint film to 
gases and moisture, the longer it will protect the sur- 
face of the iron or steel from corrosion. 

This is but to conclude that the paint film which will 
serve for the longest time as a protection to iron or 
steel against corrosion is the one which is the least 
pervious to aqueous vapor, the gases oxygen and carbon 
dioxide, or in fact any gas in the surrounding atmos- 
phere which may in any way cause or accelerate corro- 
sion. 

If we assume the corrosion to be entirely due to the 
deterioration of the paint film rather than to its per- 
meability to aqueous vapor and other gases, the same 
conclusion holds, as the rate of deterioration will be 
proportional to the permeability of the film to the de- 
teriorating elements. 

The electrolytic theory of corrosion has given rise 
to a division of pigments into three classes: corrosion 
accelerators, corrosion inhibitors, and inerts. While 
these pigments seem to give results as predicted by 
this theory in the presence of an abundance of water or 
when the iron or steel is actually immersed in water, 
it does not necessarily follow that they will do so, 
to a like extent at least, when incorporated in a paint 
film where conditions are much different. 

Assume, for instance, that our paint film is some- 
what pervious to aqueous vapor and other gases. It 
follows that just as much moisture may enter to the iron 
or steel surface and perhaps give conditions under 
which the electrolytic theory may apply when outside 
conditions are damp, this moisture may also pass from 
the steel surface outward when outside conditions are 
dry, and thus leave the steel surface dry, in which case 
the electrolytic theory cannot possibly apply. As a 
matter of fact, the actual conditions existing on the 
surface beneath the paint film, in most instances, are 
very probably between the two extremes of somewhat 
damp and nearly dry, and this is far from being cov- 
ered with an abundance of water at all times, the con- 
ditions under which the electrolytic theory seems to 
work out well. This reasoning is borne out by the fact 
that a piece of bright steel immersed in water contain- 
ing a little zine chromate in suspension will remain 
bright perhaps indefinitely, while the same pigment in 
a paint film under ordinary c@uditions will not protect 
the steel in a like manner. 

Again, two paints composed of the same vehicle, but 
the first containing a so-called corrosion accelerator 
only, painted on a steel surface in a locality of ordi- 
nary dryness will outlast to a great extent the second 
containing a rust inhibitive pigment painted on a steel 
surface in a locality habitually very damp. 

This reasoning seems to indicate and the evidence 
seems to bear out the conclusion that the problem of 
iron and steel preservation is rather to be solved by 
making our paint film as nearly impervious to gases 
as possible than by trying to prevent corrosion by 
the addition of the so-called inhibitive pigments. 

The problem is a physical one rather than a chemical 
one, and a comparison of paint films as to their rela- 
tive obstruction to the diffusion of gases will tell more 
regarding their value as protection against corrosion 
than a study of the inhibitive action of their pigments. 
This is not to say that the inhibitive property of cer- 
tain pigments is not worth consideration, but the im- 
perviousness of the films is of far greater importance. 


A New Passenger Ropeway 
Tue methods of constructing ropeways have beep » 
thoroughly perfected that large numbers have fey 
built for the conveyance of both passengers and gp. 
chandise in various parts of the world and have proyea 
entirely successful and satisfactory. A new instalimey 
that has recently been put into operation at Bozen, in 
Germany, is thus described: The way is 5,400 fog 
long, with a rise of 2,750 feet, the grade being an aye. 
age inclination of 43 degrees. The up-and-down Hing 
are located 20 feet apart and each consists of two steal 
cables, 20 inches apart, on which runs a four-wheg 
trolley. The cars, of which there are two, each with, 
capacity of sixteen people, half inside and half outside 
are attached to these trolleys, and the two cars gp 
connected by double cables operated by an _ eleetgie 
motor located at the highest station. The current % 
derived from a central station, but there are batteries 
for use in an emergency, and hand gear is also fitted &® 
the cars, one of which descends as the other asceng, 
This ropeway is supported on steel towers, the highest 
one being 56 feet, while the longest span between tower 
is 1,300 feet. 
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